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E. Leitz, Inc., New York, 
welcomes distribution of the famous 





Schmidt & Haensch analytic instruments. 


E. Leitz, Inc. is proud to announce that it has been entrusted with the distribution of the famous products of one of the 
oldest and best known German manufacturers of optical and precision mechanical instruments, Schmidt & Haensch of 
Berlin, founded in 1864. Schmidt & Haensch products, known and in use in all parts of the world, include: 


POLARIMETERS: 


for clinical purposes to determine sugar in urine; for the chemical 
industries to examine optically active substances in chemical and 
pharmaceutical products. 


SPECTROMETER-GONIOMETER: 


‘to determine the refractive index of solids or fluids. 


FOCOMETER: 
for the measurements of focal length of objectives from 20- 
200 mm. 


ANOMALOSCOPE: 


a testing device for color blindness. 


PYROMETER: 


for the measurement of high temperatures, used in the manu- 
facturing of electric light bulbs and the melting of gold and silver 
in industrial or physics laboratories. 


TRICOLOR PYROMETER: 


for true melting temperature determinations in steel, cast iron, etc. 


SPECTROSCOPES: 


for wave length measurements, classroom demonstrations, 
laboratory use. 


SUGAR REFRACTOMETER: 


for the sugar industry to obtain direct readings of percentages by 
weight of sugar. 














ANOMALOSCOPE 


E. LEITZ, INC. SC-3 
SCHMIDT & HAENSCH DIVISION 
468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 


Please send me additional information on Schmidt & Haensch products. 


Name 








SUGAR REFRACTOMETER Street 





City Zone State 








27658 
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FOR RESEARCH 
BIOCHEMICALS ? 





Just phone our EMERGENCY number... 

MOntrose 2-0214, Cleveland, Ohio... and your ORDER 
WILL BE SHIPPED WITHIN ONE HOUR! Even 
our normal service is fast... . every 
order shipped within 8 hours of 
receipt! And of course, every NBCo 
biochemical is the highest quality 
available commercially . . . at the 

lowest possible price! Yes, you 

get the BEST for LESS when you buy 
from NBCo... and you get DELIVERY 
when you NEED it! Why not call us the 
next time you need ANY biochemicals? 








Our stock of more than 2,500 items includes: 


© Over 300 Amino Acids © Steroid Hormones 

© Over 90 Peptides © Biological Salt Mixtures 
® Biological Test Materials 
© Carbohydrates 

e Purified Proteins 


@ More than 200 Nucleoproteins, 
Purines, Pyrimidines 
@ Miscellaneous Biochemicals 





yt e Fatty Acids 
er © Antibiotics 
® Enzymes-Crystalline, Purified © Alkaloids wy 
e Growth Factors e Glandular Substances 
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Firm or Organization 





Address 21012 MILES AVENUE 
CLEVELAND 28, OHIO 
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INTERNATIONAL 
MODEL PR-2 
REFRIGERATED 
CENTRIFUGE 


... first choice for 
blood fractionations and 
similar low temperature 
separations. 








HERE’S WHY MOST LABORATORY 
DIRECTORS SPECIFY THE INTERNATIONAL PR-2 
FOR LOW-TEMPERATURE SEPARATION 


... It offers positive temperature control with wide-range ver- 
satility for separations between —20° and +-10C. 

The temperature you set on the control panel is automatically 
held within +1°C. In fact, material temperature can be main- 
tained at 0°C indefinitely even at speeds up to 19,000 rpm... 
without subcooling rotor or chamber! 

28 INTERCHANGEABLE HEADS ... . horizontal, angle, high- 
speed, high-capacity and shaker . . . provide accessory combi- 
nations to meet virtually all laboratory needs. 

WIDE CAPACITY RANGE .. . from 4 liters down to 7 ml... . 
is unmatched in the refrigerated centrifuge class. 


Write for Bulletin T. 
INTERNATIONAL EQUIPMENT CO. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASSACHUSETTS 
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Crystals extracted from Pyroceram, a glass ceramic, on a carbon replica background. 
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e rectangular 
and cylindrical 
liquid or gas cells 

© test tubes 
® special cells 
e demountable cells 








for 

@ absorption 
spectrophotometry 
e colorimetry 
¢ other 
applications 


e transmittance 
e path length 
‘e spectral range 


specify only 
Beckman quality 
cells for use in the 
far UV, visible, 
and near-infrared 
regions 

— available in 
matched sets 
from dealer 
stocks in 108 
locations in 
the U.S. and Canada 


See your Beckman dealer or write 
for free cell catalog 38-10-UV 
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Beckman: nn? 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
. 2500 Fullerton Road, 
& Fullerton, California 





Letters 


Antarctic Research 


The National Science Foundation 
has expressed to Science the view that 
articles on the antarctic research pro- 
gram appearing in recent issues, specif- 
ically those of 25 December and 1 Jan- 
uary, do not by themselves fully reflect 
the international and organizational as- 
pects of the program. For purposes of 
clarification, therefore, Science is glad 
to give the following summary of in- 
formation which has appeared from 
time to time in earlier issues. 

During the International Geophys- 
ical Year, the Special Committee for 
the International Geophysical Year 
(CSAGI) noted the need for continu- 
ing research efforts in the Antarctic 
beyond the termination of the IGY. 
A committee was therefore organized 
under the ICSU, to be known as the 
Special Committee for Antarctic Re- 
search (SCAR). The committee com- 
prises representatives of the 12 nations 
supporting research in the Antarctic, 
together with representatives of the 
scientific unions with research inter- 
ests in that area. The purpose of the 
committee is to give advice and make 
recommendations with respect to re- 
search problems in the Antarctic that 
it feels should be pursued. The com- 
mittee is cooperating with another 
member committee of ICSU—namely, 
the Special Committee on Oceano- 
graphic Research (SCOR)—on _prob- 
lems of mutual interest. SCAR also 
submits its resolutions and research pro- 
grams to nonmember countries to en- 
courage their participation in new pro- 
grams or in the maintenance of the 
antarctic stations which might other- 
wise be abandoned. SCAR has held 
three meetings to date: at The Hague in 
February 1958, in Moscow in August 
1958, and in Canberra in March 1959. 
The next meeting will be held in Cam- 
bridge, England, in August 1960. The 
organization and operations of the com- 
mittee are reported in detail in JCSU 
Review [1, No. 4 (Oct. 1959), pp. 
169-124]. 

Adhering to SCAR on behalf of. the 
United States is the Committee on 
Polar Research of the National Aca- 
demy of Sciences (Laurence M. Gould, 
chairman), consisting of scientists ex- 
perienced in arctic and antarctic re- 
search. 

The U.S. scientific program in the 
Antarctic is funded and coordinated 
through the National Science Founda- 
tion, which set up an antarctic re- 
search program for this purpose in its 
Office of Special International Pro- 
grams. Thomas O. Jones is program 
director for antarctic research, and J. 


Wallace Joyce heads the Office of Spe- 7 


cial International Programs. A. P. 


Crary has been designated by the di- | 


rector of NSF as chief scientist of the 
U.S. antarctic research program. 

The NSF formulates the research 
program for the Antarctic, with the 
Committee on Polar Research making 
broad recommendations regarding de- 
sirable goals. Through its membership 
in SCAR, the Committee on Polar Re- 
search keeps NSF informed of the 
over-all program and of the interests 
of other nations in antarctic research. 
It also advises the foundation with re- 
spect to the international exchange of 
scientific personnel. 

Logistics support is furnished by Sup- 
port Force 43 of the U.S. Navy and 
continues the Navy’s long tradition of 
exploration and research support in 
Antarctica. The full support operation 
is under the command of Read Adm. 
David M. Tyree. 

The Interdepartmental Committee 
on Antarctic Research (ICAR), con- 
sisting of representatives of federal 
agencies with research interests in Ant- 
arctica, serves as an advisory group to 
the foundation in coordinating the gov- 
ernment’s interests. 

The foundation works with the Na- 
tional Academy—Research Council and 
the Department of State in implement- 
ing exchanges of scientific personnel 
between antarctic stations of the U.S. 
and those of other countries and con- 
sults with the department in all other 
matters in which U.S. policy may be 
involved. 

The foundation receives proposals 
for research in the antarctic region 
from universities, research institutions, 
learned societies, and federal agencies. 
All proposals are reviewed by the NSF 
scientific staff and are also referred 
for comment to the Committee on 
Polar Research and, as appropriate, to 
the Interdepartmental Committee on 
Antarctic Research, as well as to other 
groups. The NSF keeps the two com- 
mittees informed regarding the award 
of grants and contracts for polar re- 
search. 


In striving to develop a balanced re- j 
search program in the Antarctic, the 
foundation looks for advice and sug-" 





gestions not only to the national scien-7 
tific community but to the international 7 
scientific community as well. The Ant-~ 


arctic is one of the best examples in ™ 


the world today of the effective coop- 7 
eration that can be achieved by scien-7 
tists of many nations and widely di-7 


vergent political persuasions.—Eb. 


The two articles on current research 
in Antarctica which appeared in Sci- 
ence (130, 1748 (25 Dec. 1959); 131, 
21 (1 Jan. 1960)] should be of value 
in informing the scientific community 
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Chromatograph-pure fractions —Isolation of 
pure components, as small as 0.0002 cc, is made pos- 
sible by the Beckman GC-2 Gas Chromatograph, 
using a new system of fraction collection. Pure, 
minute fractions are captured and condensed in a 
fluted glass tube, then transferred to microcells for 
infrared analysis or retained for other studies. Large 
samples can be introduced and fractionated with 
no loss of resolution, by using a unique large-column 
and time-controlled heated inlet. % These and other 
accessories — such as the new Dual Column Valve, 
Precision Liquid Sampler, Back Purge Kit, Large- 
volume Gas Sampling Assemblies and Interchange- 
able Columns -— offer new versatility and precision in 
gas chromatography. For details see your Beckman 
dealer or write for Data File 38-10-04 . 
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Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, 


Fullerton, California 
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ULTRAVIOLET AND INFRARED SPECTROPH® ERS + GAS CHROMATOGRAPHS + pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 































































worthington 


CRYSTALLINE 
PANCREATIC 
DESOXYRIBONUGLEASE 


1x crystallized according 

to the method of Kunitz 

is only one of many enzymes 
prepared by the 
Worthington Biochemical 


Corporation. 


For 
Til celguateti(eyah 


write: 


WORTHINGTON 
BIOCHEMICAL 
CORPORATION 


FREEHOLD 1, 
NEW JERSEY 


























of research opportunities in the physical 
and biological sciences available in Ant- 


.arctica. There are, however, some mis- 


leading facts and attitudes in the 25 
December article which I should like 
to correct. 

The statement “The world-wide net- 
work of stations established during the 
IGY is no longer in operation .. .” 
is not true. Networks in meteorology, 
ionospheric physics, aurora and geo- 
magnetism, and so on, with a few 
minor exceptions, have remained in 
operation since the IGY ended. Like- 
wise, the statement regarding the shift 
in emphasis of the 12 nations involved 
in antarctic research in the direction 
of local studies gives a misleading im- 
pression. The National Academy of 
Sciences provides the U.S. representa- 
tion on the Special Committee on Ant- 
arctic Research (SCAR) composed of 
the 12 nations; SCAR. has reaffirmed 
the value of the broad synoptic pro- 
grams instituted during the IGY and 
urges their continuance beyond the 
IGY period. Although not formally 
part of the IGY program, considerable 
work was carried on in biology and 
geology which might be considered 
“local” (that is, nonsynoptic) studies; 
both of these disciplines, plus cartog- 
raphy, have now been included in 
the research program fomulated by 
SCAR. 

SCAR has issued three bulletins since 
its inception in February 1958, and 
these describe in considerable detail 
the program of each country. Ref- 
erence to these bulletins by the reporter 
would have eliminated many errors 
and qualifying clauses, such as “accord- 
ing to reports,” which litter the 25 
December story. For example, the Nor- 
wegian station is not “reducing ... 
its effort” or “ending operations in the 
near future.” A cooperative arrange- 
ment has been worked out with the 
Union of South Africa to keep this 
program going. The United Kingdom 
stations are not “limited to surveys and 
mapping on the Palmer Peninsula” but 
include a first-rate scientific station at 
Halley Bay on the east coast of the 
Weddell Sea. 

The “land-holding” motivation at- 
tributed to Argentina and Chile may 
or may not be true, but much of value 
scientifically can come from these sta- 
tions and from their examination of 
the small-scale phenomena, as in mete- 
orology. Emphasis of possible non- 
scientific motives does not contribute 
to the international cooperation in Ant- 
arctica which has been so evident dur- 
ing and since the IGY and which was 
an important factor in the recent sign- 
ing of the Antarctic Treaty. Since co- 
operative efforts on the coldest conti- 
nent on earth have led to such a thaw- 
ing of international relations, we hope 
that correction of errors and misleading 


statements will help remove any po- 
tential source of annoyance among 
readers from other nations. 

LAURENCE M. GOULD 
Committee on Polar Research, 
National Academy of Sciences, 
Washington, D.C. 


The article published in the “News” 
section of Science [130, 1748 (25 Dec. 
1959)] with reference to current ant- 
arctic research, does not reflect quite 
correctly the efforts made by the 
Argentine Republic to foster scientific 
activities in the Antarctic. 

Indeed, the article certainly conveys 
to the readers the wrong impression 
when it states that “according to re- 
ports [italics mine], many of the Argen- 
tine stations are primarily land-holding 
establishments, set up with an eye to- 
ward future territorial claims. With the 
signing of the treaty on Antarctica this 
month in Washington, Argentina may 
give up some of her .. . stations.” 

Later on, the article further states 
that “Chile is reported to have only a 
modest program under way on the con- 
tinent of Antarctica. Its concern, ac- 
cording to reports [italics mine], is 
much like Argentina’s—to carry out a 
land-holding operation for political 
reasons. As in the case of Argentina, 
this effort may be suspended with the 
ratification of the treaty on Antarctica.” 

I do not wish to discuss at this point 
the political and historical grounds for 
Argentina’s claims to a sector of Ant- 
arctica—which, incidentally, have been 
always applied to the same territory 
and not “with an eye toward future 
territorial claims.” But to suggest that 
her stations are merely land-holding 
enterprises and that her scientific pro- 
gram is a modest one or is subsidiary 
to land-holding operations, as the ar- 
ticle seems to do, is to grossly distort 
the truth. Furthermore, the political 
remarks involved seem quite out of 
place. 

As a matter of fact, Argentina has 
eagerly participated in all matters re- 
ferring to Antarctica. It is one of the 
very few countries which supports an 
antarctic institute as such, operating 
in close relationship with the Argen- 
tine Navy and staffed with an increas- 
ingly growing number of capable 
scientists in several fields, such as 
oceanography, physics, geology, mete- 
orology, and biology. (It might be 
added here that the United States does 
not have, as yet, a similar set-up.) 
Such men work in close contact with 
the leading universities of the country. 
Argentina, and this staff, were recently 
hosts to an international meeting of 
the IGY, and the recent conference re- 
ferred to in the article, both in its fram- 
ing and implementation, received Ar- 

(Continued on page 674) 
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Solving the 
Problems of Space 
Electronics at 
Nortronics’ New 
Department of 


Advanced Research 
by Dr. K. N. Satyendra 


Director of Research, Nortronics Division 
Northrop Corporation 


To promote the studies and tech- 
nologies associated with space . 
electronics, Nortronics has estab- 
lished a new Department of 

Advanced Research. In its work 

developing new products, the de- 
partment utilizes scientific skills 

and ingenuity of the highest 

order.Carefully planned research 

—especially geared to the urgent 

needs of the country in the space 

electronics race — feature the 

following programs: 


SPACE GUIDANCE RESEARCH in- 
cludes a comprehensive analyti- 
cal study of the requirements for 
midcourse and terminal homing 
systems for lunar and interplan- 
etary probes. Such studies will 
also emphasize the progress re- 
quired in the state of the art in 
order that suitable equipment 
can be developed in time to ac- 
complish these missions. Also in- 
cluded in this phase of research 
are the guidance components re- 
quired for satisfactory re-entry 
into the earth’s atmosphere orfor 


entry into planetary atmospheres. 


SPACE DEFENSE RESEARCH includes 
hardware-oriented studies fulfill- 
ing U.S. military requirements 
embracing the following areas: 
Space vehicle detection, identifi- 
4 MARCH 1960 


...NEWS IS HAPPENING AT NORTHROP _ 


cation and tracking, space vehi- 
cle intercept or rendezvous, space 
vehicle inspection, space vehicle 
attitude stabilization and other 
classified topics. 


APPLIED SCIENCES RESEARCH con- 
siders the development of new 
techniques for the study of vari- 
ous natural phenomena such as 
radiations in outer space, meas- 
urement of surface and environ- 
mental properties of lunar and 
planetary bodies through elec- 
tronic means. 


SPACE ELECTRONICS COMPONENTS 
RESEARCH activity includes selec- 
ted development techniques deal- 
ing with ultraviolet and infrared 
sensors, solid state components, 
Seebeck and Peltier generators 
and specialized instrumentation. 


NORTRONICS already has a rec- 
ord of achievement that includes 
items.like the LINS—Lightweight 
Inertial Navigation Systems, As- 
tronertial Systems, Hyperveloc- 
ity sensors, guidance systems for 
the air-launched ballistic missile, 
and many vital classified projects 
now in the formative stage. 


Two basic elements—a planned- 
research program and the top 
management suvport that it 












needs—are attracting new scien- 
tists with national recognition 
and highest qualification to the 
new Research Department which 
will be located at the Palos 
Verdes Research Park. The new 
facility will offer the scientist 
and engineer a rewarding oppor- 
tunity to work in an atmosphere 
especially created for research in 
space electronics. The facilities 
of the entire Northrop Corpora- 
tion are available to members of 
the Nortronics Division to exe- 
cute planned-research activities. 


Current papers by Northrop 
scientists and engineers include: 


“Automatic Navigation for Sup- 
ersonic Transports” by Ross F. 
Miller. “High-Speed Inertial Plat- 
form Stabilization and Control” 
by Martin Finkel. 


For copies of these papers 
and additional information 
about Northrop Corporation, 


write: 








NORTHROP 
CORPORATION 


Dept. T5-1300-32, P.O. Box 1525 
Beverly Hills, California 
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about the TMC Portable 256-channel 





on behavior... The operator of one of the first production models of 
our 110 systems returned to his lab one Monday morning to find that 
the analyzer had printed readout on paper tape continuously for 
three days. “Faulty, bug-filled instrument”, was his accusation. 
‘‘Human error’’, our engineers replied. The operator in his haste had 
called for a preset count and non-destructive readout. The obedient 
instrument just printed and printed readout without destroying it. 
This is why we hasten to point out that our instruments are instructed 
not to reason why ...not to second-guess... to just do what they’re told. 
When you use a ‘'110” you can be sure it will do exactly as you tell it. 


“cramming” parts... We discovered just in time that it is possible 
to go too far with this “compactness” business — to the point of 
defeating the purpose of the design. Some circuit boards haveso many 
components on them they begin to look like popcorn balls. They’re 
miserable to repair and cost a small fortune to replace. In our 110 
Analyzer, we fought the initial urge to cram all parts on two or three 
boards. By using a few more, with fewer parts on each, we’ve made 
repairs easy, total replacement costs much lower — and the little 
extra space required isn’t worth mentioning. 


NON- 


THOUGHTS ... 


Pulse Analyzer 


pricing...We have set prices on our instruments that we think are 
reasonable — not so that we can cut them just for underselling pur- 
poses. Price wars and bargains are for department stores. We'll 
stick to our guns because we’re confident about our products, 


These are 3 of the ‘‘110’s” characteristics that have pleased the people 
who are now using the system. For complete summary of all the virtues 
of the analyzer, its plug-in logic units and data handling unit, see our 
new 6-page folder. Besides the usual advantages of transistor circuits 
(low heat, bench-top size, etc.) the 110 has several unique character- 
istics which are also prominently mentioned. A copy isyourson request. 


If you’rea Transistor Design Engineer and you're restless, we’d 
like to talk with you. The ‘‘110’’ is tynical of the transistor in- 
struments we are now working on. 








TECHNICAL MEASUREMENT CORPORATION 
441 Washington Ave., North Haven, Connecticut 
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Overseas Assignment 


The Ugly American and other popularized criticism of our overseas 
activities have given wide circulation to the notion that most Americans 
overseas are fools or worse. This is not true in general, and it is not 
true specifically of the university people who have entered this field 
in recent years—whether as students, teachers, research workers, tech- 
nical consultants, or administrators. 

This is not to say that no mistakes have been made. There are in- 
competents in every line, and some achieve professional rank. Some of 
the university contracts abroad have fizzled. Some university courses 
on international affairs have been out of date or unrealistic. Some of 
the professors who have traveled to far lands to give expert advice have 
been unequal to the task. 

Fortunately, the mistakes to date have not been major ones, and the 
successes have been impressive. The people involved in the international 
activities of the colleges and universities are men and women committed 
to professional standards. They are not sentimentalists who imagine that 
an amiable preference for international understanding will be sufficient 
to achieve the goals they have in mind. They know that the tasks facing 
the United States in this complex and crisis-ridden world are stubborn 
and intricate—and are only to be solved by competence, hard work, 
and understanding applied to a host of specific issues. The Big Assign- 
ment breaks down into innumerable little assignments, and the little 
assignments are demanding: they require skill and comprehension and 
back-breaking effort. Academic people, as well-trained professionals, 
are equipped to understand such exacting assignments. 

The universities are not new to the international scene. On the con- 
trary, they have a long and distinguished record of international activity. 
But the scale of this activity has increased immeasurably. This is not 
traceable solely to an impulse on the part of the universities themselves. 
There is much in the world situation that makes it inevitable. There is, 
for example, an increasing recognition of the fact that ideas are weap- 
ons. It is ironic that the United States, whose early dynamism as a na- 
tion owed everything to the vitality of certain key ideas, had to learn 
again at the hands of the totalitarian nations that ideas are potent. 

Another circumstance in modern world affairs that forges a role for 
the universities is that nations are increasingly eager to place before 
the world the full panoply of their intellectual, educational, and aesthetic 
achievements. 

An even more important circumstance is the rise of technical assist- 
ance as an activity. Most technical assistance activities are carried on by 
professional men, and a high percentage of them have university con- 
nections. 

But behind all the specific reasons for the rise of the universities in 
world affairs is the fact that educated talent, technical competence, and 

professional skills are indispensable in coping with the complexities of 
modern civilization. In this sense the emergence of the university as a 
factor in international affairs is simply a counterpart of its emergence 
as a central and influential institution on the domestic scene.—JOHN W. 
GaRDNER, Carnegie Corporation of New York. (Reprinted, with per- 
mission, from the Annual Report of the Carnegie Corporation of New 
York, 1959] 
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These instruments are completely auto- 
matic. They handle up to 100 samples and 
record all data (sample number, time and 
scaler counts) accurately and permanently on 
paper tape. Operation can be maintained on 
a 24-hour basis. No staff time is required for 
counting. Consequently, laboratory per- 
sonnel have more time for other important 
research work. 
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CURRENT PROBLEMS IN RESEARCH 





Granite Problems 


The exploration of physical and chemical processes 
leads to a reorientation of our thinking. 


“ 


... it has the peculiarity of being ele- 
vated the highest . . . and sunk the 
deepest. .. .”"—J. Playfair, Illustrations 
of the Huttonian Theory of The Earth 
(Edinburgh, 1802). 


Near the end of the 18th century 
James Hutton developed the concept of 
a major genetic class of rocks formed 
in the plutonic depths of the crust by 
crystallization from a molten state. 
These plutonic rocks he grouped with 
volcanic rocks, which crystallize at 
or near the surface of the earth from 
molten lava, and he dubbed the com- 
bined class “igneous” rock to betoken 
the role of heat in creating their initial 
molten state. Veins of granite cutting 
layers of schist and marble at Glen 
Tilt in the Scottish Highlands served 
as Hutton’s first type locality (7) for 
the igneous origin of rocks formed at 
depth in the crust; the transgressive 
relations of granite to stratified rocks 
(Fig. 1) and its coarse, compact, crys- 
talline fabric were deemed proof of 
the origin by crystallization from 
“subterranean lava” or magma, as it 
has come to be known. 

Since then the theory of the igneous 
origin of plutonic rocks has undergone 
many developments, some of which 
amount to revolutions in trends of 





The author is on the staff of the department of 
geology of Yale University, New Haven, Con- 
necticut. 


4 MARCH 1960 





Matt Walton 


thinking, above all with respect to 
granite. These major turns of thought 
have generally followed major advances 
in fundamental physical chemistry ap- 
plied to rocks, or serious breakdowns 
of igneous theory applied in detail to 
actual geologic occurrences of sup- 
posedly igneous rocks. Right now we 
appear to be on the threshold of an- 
other major reorientation in our think- 
ing, and it has been difficulties in ap- 
plying igneous theory to granite that 
have, more than anything else, spurred 
the advances that are now in the mak- 


ing. 


Granite Defined 


Not the least aggravating of the 
problems connected with granite has 
been the question of what is meant by 
the name. As a formal term, granite 
applies to a rather restricted rock type, 
but geologists persistently use granite 
to identify an entire family of rocks 
which play certain complex roles in the 
architecture of the crust but which seem 
to elude the pigeonholes of formal 
nomenclature. Chayes (2, p. 66) who 
has made careful modal analyses of 
more rocks-called-granite than anyone 
else, has attempted to bring the term 
into line with the way geologists have 
actually used it by proposing: “The 
term granite should be reserved for 
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massive or weakly oriented rocks in 
which C.I. [color index] < 20 percent, 
and 20 percent < quartz < 40 per- 
cents." 

Figure 2 shows the volume occupied 
by granite as defined by Chayes in the 
composition tetrahedron quartz—alkali 
feldspar—plagioclase—color index. This 
definition just about implies that granite 
is any coarse-grained, reasonably mas- 
sive rock composed mainly of feldspar 
and quartz. It departs notably from 
the conventional systematic classifica- 
tions by (i) placing no restrictions on 
the composition and relative propor- 
tions of the feldspars; (ii) limiting the 
modal content of dark minerals to 20 
percent but not specifying any partic- 
ular dark mineral assemblages; (iii) 
establishing relatively narrow limits to 
the quartz content instead of allowing 
quartz to range from near the lower 
limits of practical detectability to a 
major percentage of the rock; and (iv) 
avoiding any genetic implications. The 
primary justification for Chayes’ uncon- 
ventional definition is that it corre- 
sponds to the rocks which geologists 
have grouped in geologically significant 
units and have referred to broadly as 
granite. 


Geology of Granite 


I have implied that granite is in effect 
defined by its geologic relations, yet no 
rock is perhaps so varied in its geology. 
The thread which unifies the varied 
occurrences of granite is this: With 
trivial exceptions, granite is closely 
associated in time and space to moun- 
tain building and regional metamor- 
phism in the so-called geosynclinal 
belts, where great thicknesses of sedi- 
mentary and volcanic rock accumulate. 
The process that forms mountain 
chains begins with the downbuckling 
of such belts, which brings the accu- 
mulated mass of sediments and vol- 
canics to depths of tens of kilometers 
and subjects them to metamorphism 
under great heat and pressure. Uplift 
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Fig. 1. Granite (light-colored rock with blocky jointing) of Hercynian age in sharp, 


transgressive contact with Cambrian sedimentary rocks. The granite is chilled to a fine- 
grained quartz porphyry at the contact, and the sediments are strongly modified to 
hornfels by heat in a distinct aureole around the granite—classic evidence for igneous 
origin. E. Raguin, noted French authority on granite (see 50), stands at the outcrop at 


Mines d’Azegour, Morocco. 
g 


of the deformed and metamorphosed 
rocks ensues .o form mountain chains, 
and wherever uplift has allowed ero- 
sion to bite deeply, great masses of 
granite are found to have been em- 
placed among deformed and metamor- 
phosed sedimentary strata to form 
enormous 


granite bathyliths in the 


cores of major mountain ranges (Fig. 
3). These are the largest nearly homo- 
geneous bodies of rock accessible to 
man. Playfair had it backward; granite 
is sunk the deepest, then elevated the 
highest. 

Extensive terrains of metamorphic 
rock in the continental shield areas, 








Ya-9 Ya=2 


Fig. 2. The volume occupied by granite in the composition tetrahedron of the Chayes 
classification: Q, quartz; P, plagioclase feldspar; A, alkali (K-Na) feldspar; C./., color 
index—the percentage of dark minerals (ferromagnesian minerals) in the rock. Compo- 
sition is in terms of modal volume percentages. The symbols in the granite volume 
designate the main classes of granite: JP, essentially one feldspar, plagioclase; [/P, two 
feldspars, plagioclase dominant; JJ", two feldspars, neither dominant; //A, two feldspars, 
alkali feldspar dominant; JA, essentially one feldspar, alkali feldspar. [After Crayes (2)] 
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which are the roots of ancient moun- 
tains, are shot through and through 
with veins of granite or intimately im- 
pregnated with granitic materials to 
form migmatites or “mixed rocks” 
(Fig. 4), and in many places meta- 
morphic rocks of obvious sedimentary 
origin pass gradationally through mig- 
matite into granite. Other granite 
bodies are sharply transgressive and 
structurally discordant (Fig. 1). 

The great bulk of granite is emplaced 
at a depth and under conditions where 
metamorphism affects all rocks, but 
masses of granite of significant size and 
number reach levels of the crust where 
regional metamorphism is slight or even 
unnoticeable and are associated with 
volcanic rock of comparable composi- 
tion. Such bodies are generally in less 
deeply eroded, younger, mountain 
chains and are believed to pass into 
metamorphic zones at depth. The rela- 
tionship of granite to geosynclinal sedi- 
mentation and mountain building means 
that granite is almost unknown in the 
great ocean basins unaffected by epi- 
continental sedimentation. Basalt is the 
rock of the ocean basins. 


“Classic” Igneous Theory 


Early in the 19th century geologists 
began to develop the idea that the wide 
variety of igneous rocks evolves from 
a limited variety of primary magmas 
by chemical fractionation processes 
broadly referred to as magmatic differ- 
entiation. Field relationships suggested 
this even before the potentialities of 
chemical fractionation in the course 
of crystallization of complex solutions 
were generally recognized (3). Real 
progress began with insight into the 
theory of heterogeneous equilibrium and 
systematic experimental investigations 
of silicate melt crystallization. 

The classic synthesis of experimental 
investigations in the crystallization of 
silicate melts and its application to 
natural associations of igneous rock 
was, and still remains, Norman L. 
Bowen’s The Evolution of the Igneous 
Rocks, published in 1928 (4). Much 
experimental work has since been done, 
by Bowen himself in association with 
O. F. Tuttle (5), as well as by a num- 
ber of other investigators, notably in 
systems involving high vapor pressures 
of water, a vital component of natural 
magmas at depth. Later work has only 
served to strengthen the main argument 
and to resolve some of the dilemmas 
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on which Bowen could only speculate 
at the time. 

Bowen developed in detail the appli- 
cation of the “Bowen reaction series” 
(Fig. 5) to the fractional crystallization 
and differentiation of rock magmas. He 
showed that, by the separation and re- 
action of appropriate liquid and crystal 
fractions at various stages in the crystal- 
lization of basaltic magma (basalt is 
the most common of all volcanic 
rocks), sequences of mineral assem- 
blages can be obtained which corre- 
spond ‘to most naturally occurring 
sequences of igneous rocks. He showed, 
moreover, that courses of crystalliza- 
tion in rock melts tend to produce 
residual liquids which approach com- 
positions in the low-temperature re- 
gion of “petrogeny’s residua system”— 
KAISiO.-NaAISiO.-SiO: (Fig. 6)—at 
the heart of which is the “granite sys- 
tem,” KAISisOs(Or)-NaAISisOs( Ab) - 
Si0:(Q) (6). 

At this point igneous theory reached 
a certain classic purity and unity. The 
rocks preserved from earliest geologic 
time down to present active volcanism 
demonstrate that great quantities of 
basaltic magma are repeatedly, if not, 
continuously, generated in the earth. 
There is no need to speculate on the 
origin of special magmas to account for 
special rock associations; the potential- 
ity to produce them all exists in ordi- 
nary, ubiquitous basalt, or perhaps in 
two or three common types of basalt, 
and granite magma was presumably 
the residual liquid normally remaining 
from the fractionation of the common 
continental type of basalt. Moreover, it 
seemed attractive at that time, for vari- 
ous other reasons as well, to suppose 
that at the base of the crust a substra- 
tum of basalt existed in a vitreous, pres- 
sure-rigidified condition ready to erupt 
if tectonically disturbed (7). Neverthe- 
less, igneous theory in this classic form 
presented such difficulties, especially 
for granite, that it rekindled a long- 
smouldering “granite problem.” 

Not that there was anything wrong 
with Bowen’s chemistry or his applica- 
tion of it to the fractionation of basal- 
tic magma; it was and will remain a 
keystone of petrology. But there was a 
crucial tacit assumption involved in ty- 
ing igneous theory so rigidly to a single 
model in which the evolution of most 
igneous rocks is dependent on the up- 
ward intrusion of basaltic magma into 
a level of the crust where it cools, crys- 
tallizes, and fractionates. The same 
chemistry can be applied to other 
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models. The question, to which Amer- 
ican geologists especially were, in gen- 
eral, somewhat insensitive, was whether 
this magmatic differentiation model out- 
lined an actual sequence of events 
which really operated in nature to pro- 
duce granite. I recall the characteris- 





tically modest and graceful words with 
which Bowen declined to comment on 
a particularly baffling petrologic prob- 
lem before a meeting of the Petrologists” 
Club held at U.S. Geological Survey 
headquarters in Washington. “After 
all,” he said, “I only pretend to know 
































Fig. 3. Major bathyliths associated with Mesozoic and Tertiary mountain building in 
the far western United States. Granitic rocks are stippled, and associated areas of de- 
formed and metamorphosed sedimentary rocks are outlined. [Data from Am. Assoc. 
Petrol. Geologists, Tectonic Map of the United States (51)] 


637 





Fig. 4. Migmatite’ (Top) Feldspathic schist (darker rock) interlayered with thin sheets 
of granitic material (lighter gray) and transected by granitic pegmatite dikes (coarse- 
grained, white). (Middle) Schist intimately impregnated with granitic material and 
passing into a granite gneiss, cut by irregular granite pegmatite dikes. (Bottom) Gneissic 
granite filled with dark, micaceous relics of schist in irregular streaks and wisps. 
“Mamacoke gneiss,” southeastern Connecticut. [Lawrence Ashmead] 
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a little about rocks as they should be, 
and you are all experts on rocks as 
they are.” 


The Trouble with Igneous Theory 


There were several major difficulties 
with the theory when applied to “rocks 
as they are.” First of all, there is a dis- 
appointing lack of clear-cut, uncompli- 
cated field examples to show that simple 
fractional crystallization normally pro- 
duces granitic sequences of rocks (Fig. 
7). Second, the theory offers no par- 
ticular explanation of why granite 
should be so closely tied to orogeny and 
metamorphism and insignificant in other 
igneous environments, yet this is the 
crucial fact in the geology of granite. 
Third, to produce a quantity of granite 
requires the complete fractionation of a 
huge quantity of basaltic magma—a 
process for which there is little, if any, 
direct evidence—not to mention a stag- 
gering amount of dislocation to move 
this material into place. Finally, there 
is the rock against which magmatic 
theory has repeatedly foundered—mig- 
matite (the “mixed rocks” of metamor- 
phic terrains). 


Granitization 


The trouble with migmatite is that 
it quite commonly looks like various 
arrested stages in processes by which 
preexisting rocks, generally metamor- 
phosed sandy and shaley sediments, 
have been converted into granite with- 
out much change in volume or me- 
chanical disturbance. The evidence for 
transformation of other types of rock 
into granite cannot, in the nature of 
the case, be founded in direct observa- 
tions of the processes at work many 
kilometers down in the depths of the 
crust. It rests on interpretations of the 
geologic configuration left behind by 
long-dead processes, but it ranges from 
the broadest regional relationships to 
details of rock textures and crystal 
chemistry. An attempt to review the 
extensive literature on this subject in a 
short summary article would degenerate 
into mere “name-dropping.” I have only 
outlined the nature of the evidence in 
Table 1 and cited representative ex- 
amples. 

Geologic evidence is seldom so com- 
plete or conclusive that it is not open 
to dispute and to alternative interpreta- 
tions. None of the attempts to prove that 


SCIENCE, VOL. 131 








maj 
grar 
nor 

in f 
terp 
ascr 
mos 
terr: 
are 

som 
grat 
geol 
now 
suck 
vigo 
the 


Stag 
lem: 
ing 


“Pe 


mai 


cen’ 
loce 
mas 
roc] 
gas 
off 

to f 
and 
gral 
tion 
esp 
vial 
lon; 
ma; 
rair 
tha’ 
met 
Mic 
(1¢ 
oth 


twe 
in \ 


rise 


nit! 





as 


*ks 
lis- 
yli- 


atic 
lig- 
or- 


hat 
ous 
ich 
10r- 
nts, 


me- 
for 
ock 
of 


any 
the 
the 
by 
rom 


stal 

the 
in a 
rate 
only 
e in 


om- 
ypen 
‘eta- 
that 


» 18% 











major bodies of granite have formed by 
granitization have gone unchallenged, 
nor have magmatists lacked ingenuity 
in presenting alternative “igneous” in- 
terpretations of the features in rocks 
ascribed to granitization. Nevertheless, 
most geologists who have worked in 
terrains where granite and migmatite 
are intimately interrelated have had 
some kind of hypothesis of metasomatic 
granitization forced on them by the 
geology of migmatite. In fact, there is 
now no real argument that there is no 
such thing as granitization, but there is 
vigorous controversy over the nature of 
the process and the extent to which it 
is responsible for forming granite. 
Staggering chemical transport prob- 
lems are of course involved in convert- 
ing a large mass of rock into granite. 


“Per Migma ad Magma” 


Classic igneous theory, following the 
main line of German and Anglo- 
American thought at the turn of the 
century, holds that granitization is a 
localized phenomenon in places where 
magma comes in contact with country 
rocks under conditions that permit 
gaseous or liquid “emanations” given 
off during crystallization of the magma 
to penetrate the country rock intimately 
and modify it in varying degrees toward 
granite. But other concepts of granitiza- 
tion have equally venerable antecedents, 
especially in the French and Scandina- 
vian literature, where difficulties were 
long recognized for straightforward 
magmatic theory in vast migmatite ter- 
rains and extensive bodies of granite 
that preserve throughout the relics of 
metamorphic rocks and _ structures. 
Michel Levy (8), Lacroix (9), Termier 
(10), and Sederholm (//), among 
others, conceived in varying degrees of 
a more organic inter-relationship be- 
tween metamorphism and granitization, 
in which fluids mobilized in the depths 
of the earth beneath the orogenic belt 
tise into the deeply buried supracrustal 
rocks of the geosyncline, spreading like 
a “tache d’huile,” and, along with the 
rise in temperature, effect the metamor- 
phism, the metasomatic replacement, 
and ultimately the dissolution and 
fusion of rocks, giving rise to granitic 
magmas which rise as intrusive masses 
to higher levels. Thus, “normal” mag- 
matic granite characterizes mainly the 
higher levels of granite emplacement, 
and in these views there is clear recog- 
nition of a sequence in depth of granite 
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relationships correlated with increasing 
metamorphism and  migmatization 
downward. Sederholm, in addition to 
the term migmatite, introduced the 
terms palingenesis (literally, “rebirth”), 
to denote the remelting of older rocks 
to form new magmas, and anatexis, to 
describe the extraction of granitic 
liquids from heterogeneous rocks by 
selective fusion and solution. 

A culmination in this trend of thought 
is perhaps Wegmann’s paper “Zur 
Deutung der Migmatite” (172), in which 
migmatite and granite are depicted as 
products of mobilization of material 
attending the deformation and meta- 
morphism of the geosynclinal belt. With 





increasing heat and the advance of 
fluids and magmas mobilized deeper in 
the crust, the mineral assemblages of 
sedimentary rocks become unstable, and 
widespread migrations begin of those 
components which are not stable in 
solid phases under the new conditions. 
This migration, Wegmann suggested, 
need not wait upon the injection of 
magma but may take place by inter- 
granular diffusion of ionic and molec- 
ular particles in a dispersed state. He 
conceived of waves of diffusing ionic 
and molecular particles expelled from 
lower levels and followed by fluid solu- 
tions to produce advancing fronts, first 
of metamorphism, then of migmatiza- 


Table 1. Arguments for granitization. The literature cited is typical, giving evidence in 
support of, and uses of, these arguments, but the examples have not been selected especially for 
historical priority, nor are they unequivocal. Praciically all of them have been vigorously 
contested on factual grounds or differently interpreted on theoretical grounds. Most oi these 
authors also use other arguments besides the one given. 





Structural 

Room. The space occupied by a body of granite is not matched by commensurate disloca- 
tions in the structural pattern of the enclosing rocks; there is no “room” for intrusive 
magma (33). 

Continuity. A granite contains structures, such as gneissic layering, or relics of a preexisting 
rock with structures, such as bedding or foliation, which are in structural alignment with the 
Structure of the surrounding terrane (34). 

Gradation. A structural pattern such as bedding or foliation in enclosing rocks passes grada- 
tionally into a pattern such as gneissic structure in a granite body (35). 

Mechanics. The structural pattern of a granite body and its enclosing rock is such that the 
pattern could only develop if there was at no time a body of liquid corresponding to the 
present body of granite (36). 

Pseudomorphism. A granite contains variations in texture and composition which simulate 
in pattern primary sedimentary or volcanic structures such as ripple marks, bedding, and 
pillows (37). 

Involvement. Granitic materials are too intimately and complexly involved with sedimentary 
or metamorphic rocks to have been emplaced by injection of a magmatic liquid (38). 


Stratigraphic 

Substitution. A rock unit in a known sequence is missing, and in its place is a body of 
granite (39). 

Relic stratigraphy. A granite contains isolated included layers which are part of a preexisting 
sequence, but these included layers maintain relative stratigraphic position within the 
granite (40). 

Ghost stratigraphy. A body of granite contains a sequence of variations in its texture, compo- 
sition, or structure which is analogous in some way to the stratigraphic sequence in the sur- 
rounding terrane (41). 


Chemical 
Basic front. Rocks in the vicinity of a body of granite are relatively enriched in components 
which must be driven out of preexisting rock to convert it to granite (42). 
Basic behind. There has been impoverishment of granitic components in a mass of rock from 
which components have been extracted to make a related granite (43). 
Gradation. A preexisting rock passes gradationally into granite by progressive enrichment in 
granitic components and impoverishment in nongranitic components (44). 


Physical-chemical and crystal-chemical 

Relic phases. Mineral phases in a granite may be identified as mineral phases belonging to 
preexisting sedimentary or metamorphic rock (45). 

Mineral replacement and pseudomorphism. Minerals in a granitic rock are pseudomorphs or 
replacements of sedimentary or metamorphic minerals (46). 

Metamorphic phase assemblage. Mineral assemblages in granite are related to the metamorphic 
facies of surrounding rocks (47). 

Subsolidus assemblage. A phase assemblage is present in a granite which cannot form by 
crystallization from a magma (48). 

Subsolidus or crystalloblastic paragenesis. The growth relationships among the mineral phases 
of a granite cannot be formed by crystallization from a magma but indicate growth by 
solid-state reactions (19). 

Subsolidus temperature. The ambient temperature as evidenced by mineral phase relation- 
ships in the surrounding rocks was at all times below the stability range of a magma (49). 





639 


tion, and finally of selective fusion (ana- 
texis), culminating in the mobilization 
(palingenesis and anatexis) of the mig- 
matite zone and its injection in tongues 
and lobes into higher zones as essen- 
tially magmatic intrusions. Thus there 
evolved the concept “through migma 
to magma,” which virtually reverses 
the roles of migma and magma as cor 
ceived in classic igneous theory. This 
point of view has received extended 
expression over the past 20 years in 
H. H. Read’s development of the 
“granite series” concept (J3). 


Chemical Transport Problem 


The emphasis placed by Wegmann 
on the role of intergranular diffusion 
gave recognition to a problem that up 
to about this time had received little 
systematic attention. Geologists at- 
tempting io form concepts adequate to 
explain the extensive migmatite ter- 
rains spoke freely of the introduction 
of mysterious granitizing substances by 
the spreading through the rock of 
“agents mineralisateurs,”’ “solutions,” 
“granitic juices,” “pore fluids,” or 
“ichor” (14). Vague terms such as injec- 
tion, soaking, or imbibition were freely 
used. Yet it is plain that these are essen- 
tially metaphors rather than descriptions 
of observed physical processes, for very 
little is known experimentally of the 
transport characteristics of rock at pres- 
sures of a few thousand atmospheres 
and at temperatures of a few hundred 
to nearly a thousand degrees centi- 
grade, yet this range is of most con- 
cern in the origin of granite. Further- 
more, the capacity of dilute solutions 
to transport much material by fluid 
flow through a body of solid rock 
seems questionable. 

Many geologic phenomena _ involve 
solid diffusion within dimensions of the 
order of crystal grains, but because of 
the extreme sluggishness of experi- 
mentally measured rates of solid diffu- 
sion in silicate minerals (15), solid 
diffusion was long dismissed as a mech- 
anism for transporting large amounts 
of material within reasonable spans of 
time (/6). However, in 1934 R. Perrin 
(17) cited reactions between slags and 
furnace linings in metallurgical experi- 
ments where substantial chemical ex- 
changes took place between the charge 
and the refractory lining within periods 
of a few hours or less. He attributed 
these phenomena to solid diffusion and 
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suggested by analogy that many geo- 
logic phenomena attributed to fluid 
transport actually involve solid diffu- 
sion. Perrin vigorously’ pursued this 
thesis and in 1939, with Roubault, made 
a detailed application of it to the for- 
mation of granite. 

In retrospect the experimental evi- 
dence adduced by Perrin seems slender 
indeed compared to the broad applica- 
tion which he and others made of it 
to geology, for his melts and refrac- 
tory linings were complex systems in 
which the phase relations were incom- 
pletely known, and no real evidence 
was given to rule out the participation 
of fluid phases. Not only might capil- 
lary action draw liquid or vapor from 
the melt into the brick but, to quote 
Greig (18): “Silica bricks are made 
from crushed quartzite mixed with a 
small amount of some other substance 
which on firing fluxes a part of the 
silica and forms a bond. When the 
brick is in use at a high temperature 
it is partly crystalline, partly liquid.” 

Indeed, the experiments from which 
so much geologic speculation proceeded 
are of present interest mainly because 
they stimulated a sweeping reappraisal 
of a great deal of geologic data from 
a new point of view. The real argument 
for diffusion as a major transport mech- 
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Fig. 5. The Bowen reaction series, show- 
ing the sequence in which the _princi- 
pal rock-forming minerals crystallize from 
magmas. The ferromagnesian (“dark”) 
minerals on the left-hand branch form a 
discontinuous series with intervening re- 
actions. The plagioclase feldspars form a 
continuous solid-solution series in the right- 
hand branch. In Bowen’s view, common 
basaltic magmas with strong fractiona- 
tion should yield a granitic residuum. The 
principal modifications suggested by mod- 
ern research would be to show the Mg and 
the Mg-Ca pyroxenes in parallel, not in 
sequence, and to suggest a range of residu- 
al assemblages from the silica-enriched 
(quartz-bearing) to the silica-deficient 
(feldspathoid-bearing). [Bowen (4)] 


anism was drawn from the rocks them- 
selves, even in the writings of Perrin 
and Roubalt (J9). 


Transformism 


The awakening of interest in diffu- 
sion as a major transport mechanism in 
rock-forming processes heralded a new 
stage in the development of granitiza- 
tion theory. A theoretical rationale for 
long-range solid diffusion as the mech- 
anism of emplacement of granite 
was soon forthcoming from Ramberg 
(20) and Bugge (21); it may be sum- 
marized as follows: The diffusivity of 
a particle in a phase may be given by a 
generalized thermodynamic or statisti- 
cal mechanical function; for example, 
the thermodynamic expression 


D = D.e-*** (1) 


where D is diffusivity, Do is ideally a 
constant for a given mechanism of 
diffusion in a homogeneous phase, and 
Q is an activation energy. Since Do and 
Q are finite quantities, any particle al- 
ways has finite diffusivity in a phase; 
therefore any chemical potential gradi- 
ent will cause a finite migration of mat- 
ter. To show that this should operate 
in the crust of the earth to produce 
granite, various thermodynamic and 
crystal-chemical arguments are mus- 
tered to show that the chemical poten- 
tials of the elements with large relative 
abundance in granite increase more 
with increasing temperature and stress 
than do the potentials of the less 
abundant ones. Consequently, some 
elements, such as potassium and sodium 
will tend to migrate out of deeper re- 
gions of the earth or regions of intense 
metamorphism and deformation to be- 
come fixed again as migmatite and 
granite in regions of lower stress and 
temperature by displacing other ele- 
ments, notably iron and magnesium. 
Since not all the elements that occur 
in relatively great abundance in granite 
have closely comparable crystal-chemi- 
cal parameters—notably silicon rela- 
tive to the alkalis—the theory is not 
without difficulties in detailed applica- 
tion. 

This type of theoretical argument 
was the final link in the evolution of 
a whole new scheme of petrogenesis 
for granitic rocks, which has been styled 
“transformism,” and which holds that 
chemical potential gradients drive diffu- 
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sion mechanisms which are capable of 
producing granite in practically all its 
geologic configurations without the par- 
ticipation of a magmatic phase. Enthu- 
siastic transformists needed only one 
fell swipe of Occam’s razor to remove 
magmatic granite from serious geologic 
consideration as ruthlessly as though it 
were a morbid vermiform appendix, 
and it has been held by some that mag- 
matic granite, if it forms at all, is only 
produced by localized melting at an 
advanced stage of granitization or as 
an insignificant minor product of basal- 
tic differentiation. However, it seemed 
to many geologists that there was a 
missing link in the transformist argu- 
ment. 


The Trouble with Transformism 


Magmatists have a wealth of experi- 
mentally established physical chemistry 
which they have had trouble fitting to 
the geology of granite. Transformists, 
on the other hand, have a hypothesis 
to explain the geology of granite which 
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is difficult to found in orthodox chem- 
istry. To some extent the transformists 
have reacted by developing a “geochem- 
istry” of their own to fit the geology, 
but much of this special geochemistry 
essentially rests on a negative argu- 
ment: Conventional chemistry is beset 
by many difficulties in the geology of 
granite, therefore diffusion is presumed 
to do what it has to do to explain that 
which cannot otherwise be explained. 
Undismayed by this ad hoc quality, 
some transformists have styled it the 
“actualistic” approach to petrology. 
The missing link in the transformist 
scheme of petrogenesis is the inde- 
pendent experimental demonstration 
that the potentials resulting from non- 
equilibrium configurations and disloca- 
tions in the lithosphere really do drive 
diffusion to the exclusion of other 
processes such as solution, melting, 
mechanical motion, and heat flow. 
Without an adequate experimental 
foundation, the rationale in terms of 
chemical potential gradients does not 
demonstrate the operation of diffusion 
to the exclusion of other processes but 
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Fig. 6. “Petrogeny’s residua system”; equilibrium relations of the principal components 
of granite in the dry melt, showing liquidus temperatures. Granites fall within the 
triangle SiO.-NaAISi;Os-KAISi;Os. The trough containing the compositions toward which 
residual liquids proceed with falling temperatures of crystallization is shown in solid 


black. [Bowen (52)] 
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is nothing more than an abstract and 
operationally clumsy restatement of the 
basic problem: What processes do the 
potentials activate, at what rates, and 
under what conditions? 


Diffusion in the Geologic Realm 


Measured lattice diffusion rates in 
silicate crystals are too sluggish to 
produce large-scale geologic effects in 
reasonable spans of time. Below mag- 
matic temperatures, measured rates are 
typically less than 10° cm* sec* by one 
or more orders of magnitude. Diffusion 
rates as high as 10° cm* sec” allow 
mean displacements of only a few 
meters in a million years. There is con- 
siderable geologic evidence that masses 
of granite are emplaced in orogenic 
belts within time spans of less than a 
million to a few million years (22), so 
it is probably idle to attempt to mag- 
nify the possible role of lattice diffu- 
sion by assuming vastly longer spans of 
geologic time. 

There are other kinds of diffusion in 
solid aggregates, such as grain boundary 
and surface diffusion, for which there 
are few or no experimental data directly 
applicable to rocks. However, a strong 
geologic argument may be made 
against the large-scale geologic effec- 
tiveness of all forms of diffusion in 
entirely solid aggregates. Lattice, grain 
boundary, and surface diffusivity are 
properties possessed in common by all 
rocks. Yet many metamorphic and 
granitic rock assemblages contain nu- 
merous small-scale nonequilibrium fea- 
tures such as zoned crystals, reaction 
rims or coronas between minerals, and 
adjacent layers of rock with sharply 
contrasting compositions and mineral 
assemblages. Something other than a 
general property of rocks must be in- 
volved in the effective transport of 
matter through rock, otherwise non- 
equilibrium configurations would be 
wiped out over all relatively short dis- 
tances in regions where solid diffusion 
is supposedly active enough to granitize 
huge masses of rock. 

However, diffusion in an intergranu- 
lar fluid phase may permit the neces- 
sary flexibility by allowing large-scale 
diffusion where the intergranular me- 
dium is present, in sharp contrast to 
sluggish and incomplete reactions where 
the solid phases alone must serve as 
the vehicle. The coefficient of diffusion 
of a particle at infinite dilution in a 


641 





fluid medium is approximated by the 
well-known Stokes-Einstein equation: 


D = RT/4nrNor, (2) 


where R is the gas constant, T is the 
absolute temperature, N is Avogadro’s 
number, rs is the radius of the particle, 
and 7 is the viscosity of the fluid me- 
dium (23). R/4xN is a constant which 
equals 1.1 xX 10” erg deg”; thus, 


Drs = 1.1.x 10°" erg deg“ (3) 
n 


I have attempted to evaluate the 
function Drs for several temperatures 
within the range of strong metamor- 
phism and granitization and for pres- 
sures up to 2000 atmospheres (see Fig. 
8), using some recent work by Fano 
et al. (24) on the extrapolation of vis- 
cosity data for water to the high pres- 
sures and temperatures for which Ken- 
nedy (25) has supplied experimental 
PVT data. 

The characteristics of the function 
Drs have interesting geologic implica- 
tions. The ions and molecules mainly 
involved in forming granite have radii 
(rs) ranging from about 0.5 x 10° to 
about 3 xX 10° cm. Since Drs attains 
slowly varying values of near or less 
than 1 xX 10™ at very moderate geo- 
logic pressures, it appears that in low 
concentrations the diffusion rates (D) 
of most rock-forming components in 
supercritical water vapor should be 
on the order of 10° to 10“ cm®* sec” 
without much change over a wide geo- 
logic range of P and T. 

Now, diffusion rates on the order of 
10° to 10 cm* sec” would be adequate 
to produce very large transfers of mate- 
rial over considerable distances within 
very moderate periods of geologic time 
and with reasonably small concentra- 
tion gradients if diffusion actually takes 
place according to the Stokes-Einstein 
law through an unobstructed gaseous 
medium, which of course is certainly 
not exactly the case in rocks. 

Nevertheless, if my evaluation of 
Drs has even order-of-magnitude valid- 
ity, it would appear that the diffusion 
rate in the fluid medium is not the rate- 
limiting factor for geologic processes, 
provided the rock has significant effec- 
tive directional porosity (26). The real 
rate control may be exercised by the 
effective concentration gradients pos- 
sible in the intergranular fluid, and 
these depend on the solubility of the 
diffusing particles in the fluid medium, 
the rate of solution where the rock is 
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being attacked, and the rate of removal 
at the interface where the particles are 
going back into solid phases; the last 
factor in turn depends on solid diffusion 
through the reaction-product layer. As 
the concentration and variety of par- 
ticles in solution increase and the 
dimensions of intergranular openings 
decrease, complex effects are possible, 
some of which may increase and some 
of which may decrease diffusion rates 
(27). At present we are quite unable 
to assign even order-of-magnitude 
values to these effects. 

From the geologic evidence it ap- 
pears to me that rocks which are in- 
herently “dry” (composed of anhydrous 
mineral assemblages, and of low poros- 
ity) are poor media for diffusion and 
generally show only small-scale effects 
involving any kind of chemical trans- 
port. Certainly rocks that become “dry” 
in this sense are notably resistant to 
further recrystallization and chemical 
change during metamorphism unless 
water is reintroduced into them and 
“retrograde” metamorphism takes place. 
On the other hand, where rocks suffer 
dilatant strain and have water intro- 
duced into them, or contain hydrous 
minerals such as clays, chlorite, and 
hydro-micas and reach temperatures 
where these minerals break down into 
less hydrous assemblages plus a separate 
fluid phase, the rock of necessity con- 


tains a pore fluid and becomes open to 
diffusion in the fluid phase until the 
water itself diffuses or flows away. Loss 
of water is the reason for the “irreversi- 
bility” of metamorphism and granitiza- 
tion. It is realistic to suppose that inter- 
granular water becomes available in the 
environment of granitization because 
water-bearing rocks such as clay shales 
evolve into mica schists and ultimately 
into feldspathic gneisses during regional 
metamorphism with the evolution and 
loss of several percent of original com- 
bined water, quite apart from the ques- 
tion of the introduction of juvenile 
water. 


The New Synthesis 


If it is indeed water (with other vola- 
tiles, to be sure) which gives rock the 
major part of whatever capacity it has 
to transport material by diffusion on a 
geologically large scale, then exciting 
possibilities open up for reconciling 
many anomalies in the geology of 
granite and migmatite with growing 
experimental knowledge of the chemis- 
try of silicates. O. F. Tuttle’s summation 
of the work he and Bowen did in the 
system NaAlSisOs(Ab)-K AISisO.(Or)- 
Si0:(Q)-H:O has now _ been _ pub- 
lished (28, 29). These are the compo- 
nents at the apex of the reaction series 


FeO + Fe, 0; 


K,0 
+ Na, 0 








Fig. 7. Trends of variation, from field examples of clearly related suites of rocks, with 
respect to total Fe, Mg, and the alkalis. Rocks clearly derived from the fractionation 
of basaltic magma follow trends toward iron enrichment in the middle stages which are 


MgO 


not shown by rocks related to granitic sequences. [After Tilley (53)] 
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that impart to granite its principal 
chemical characteristics, and this is a 
fitting final legacy of Bowen to the 
science he served, for, having con- 
tributed the reaction series to geology 
and having done so much to work out 
its consequences for magmatic differen- 
tiation by crystal fractionation with loss 
of heat from basaltic magmas, he joins 
posthumously with Tuttle now in giving 
us some initial insights into another 
petrogenic model. 

Tuttle and Bowen present sufficient 
experimental data to define important 
characteristics of the system Ab-Or-Q- 
H:O at liquidus temperatures and up 
to more than 4000 atmospheres of 
water-vapor pressure (Fig. 9). They 
show how crystallization of melts in 
this system tends to produce mineral 
assemblages of alkali feldspars and 
quartz approaching granites as water- 
vapor pressure increases. Crystalliza- 
tion proceeds to a cotectic minimum at 
which quartz and a single homogene- 
ous K-Na feldspar crystallize simul- 
taneously up to a water vapor pressure 
of about 3600 kg cm”. At higher water 
concentrations separate K and Na feld- 
spars begin to crystallize, and the iso- 
baric minimum in the system is a ter- 
nary eutectic (Fig. 9, bottom left). 
Work at the Geophysical Laboratory by 
Yoder, Stewart, and Smith (30) shows 
that with very modest amounts of Ca 
feldspar in the ternary feldspar-water 
system §§NaAlISisOs(Ab)-K AISisO;(Or)- 
CaAl:SizOs(An)-H:O two feldspars crys- 
tallize at even lower water concen- 
trations, one K-rich and the other a 
sodic plagioclase. Thus, the magmatic 
crystallization of the quartz-feldspar 
assemblage of granite has been experi- 
mentally confirmed, with water play- 
ing a crucial role. 

Tuttle argues that granitic liquids 
must be important in rocks that con- 
tain water and the components of 
granite because the stability field of 
granitic liquids extends well into a range 
of temperature and pressure which is 
attained at depth in zones of high- 
grade regional metamorphism. More- 
over, the close relationship of the com- 
position of granite to the locus of the 
cotectic minimum in the experimental 
system is strong evidence that granite- 
melt equilibria exercise a high degree 
of control over the composition of 
granite. This is powerful experimental 
support for the role of magma in the 
forming of granite, but it also leads 
to a highly significant departure from 
the classic model of igneous theory. 
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stein diffusion function for various pres- 
sures and temperatures of water vapor. 


I have already pointed out that the 
old magmatic model considered the 
consequences of introducing a relatively 
hot silicate melt derived from some 
deep-seated source into an envelope of 
rock at a lower temperature. The 
ensuing events and final products then 
depend primarily on flow of heat from 
the melt to the envelope and second- 
arily, on chemical and mechanical in- 
teraction between the envelope and the 
body of magma. Contrast this with an 
alternative model toward which Tuttle 
is pointing, a model presaged in Seder- 
holm’s concept of anatexis. 


The Anatectic Model 


In the .“anatectic model” we con- 
sider a body of rock containing water 
into which there is a large flow of heat 
as a consequence of crustal downbuck- 
ling and other orogenic processes. The 
temperature and water-vapor pressure 
rise toward the point where a granite 
melt becomes stable. Water reacts with 
the rock silicates, first to form alkali 
silicate solutions and then to form melt, 
the quantity and composition of the 
solution or melt being such, of course, 
that the chemical potentials of water 
and the other components are equal in 
the coexisting gaseous, liquid, and solid 
phases. For example, at a temperature 
somewhat less than 700°C and at a 
water-vapor pressure of 2000 kg cm™* 
a granite melt can form, and if the 





components of granite are available in 
a rock, melting will proceed until a 
melt is formed containing a little more 
than 6 percent water. One percent of 
water in a rock, under these conditions, 
could melt up to about 16 percent of 
the rock, provided the rock contained 
this much granitic material. According, 
therefore, to the temperature, confining 
pressure, composition of the rock, and 
water available, melting may be either 
partial or complete. 

As Tuttle points out, realistic condi- 
tions may be set up where crystalliza- 
tion proceeds nearly adiabatically, iso- 
thermally, or isobarically. The classic 
model of secular cooling of the melt 
may not be at all realistic in the plu- 
tonic environment, where the melt may 
be in equilibrium at all times with the 
ambient temperature of metamorphism 
and where crystallization proceeds by 
loss of more mobile fractions to the 
surroundings. Realistically, then, the 
system may proceed toward equilibrium 
under the influence of a pressure gradi- 
ent and a continuous heat input from 
the deep-seated sources of energy which 
drive the orogenic process. The heat 
flow will then induce chemical and 
mechanical mass transport tending to 
produce a new geologic configuration 
in which the whole rock mass is more 
stable with respect to a higher tempera- 
ture gradient. 

It will take a great deal of additional 
experimental work and careful analysis 
to work out the major consequences of 
this complex conception of igneous 
processes in the forming of granite. 
Fractional crystallization is only one 
means of reorganizing a body of rock 
by the separation of phases in different 
states. In effect, the term igneous is en- 
dowed here with great generality to 
refer to all rock-forming processes in 
which changes of state in rock silicates 
from fluid to solid or solid to fluid are 
important (fluid refers to both liquid 
and gasesous states). The experimen- 
tal data show that such changes must 
be important in the realm in which 
granite forms. 

The anatectic model is somewhat less 
concerned with fractionation by the 
separation of crystals from the melt, 
which is the main theme of the classic 
model, because the melts most readily 
formed are bound to be near the cotec- 
tic minimum composition and there is 
no place much for them to go by crys- 
tal fractionation. Because of the key 
role played by water vapor under high 
pressure in forming granite melts, the 
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possible role of chemical transport and 
fractionation by diffusion in an aque- 
ous fluid phase extending into ranges of 
temperature and water-vapor pressure 
well below the range of silicate melts 
becomes a major theme of the anatec- 
tic model. The transport properties of 
these fluids and the relative solubilities 
and mobilities of rock-forming com- 
ponents in them are already a factor in 
the experimental work, although these 
phenomena have not yet received much 
systematic attention. One of the most 
annoying problems encountered in ex- 
periments with silicates at high water- 
vapor pressures is that some com- 
ponents, notably silica and alkalis, won’t 
stay put in the crucible. Rapid transport 
takes place in the vapor phase through- 
out the pressure vessel (5, 28, 31). The 
ratios in which the components of 
granite are transported in the vapor 
phase are not the same as their ratios 
in the melt, but favor silica over the 
feldspars and Or over Ab. Phenomena 
of this kind can explain many anoma- 
lous geologic relationships which are 
difficult to explain in terms of melt 
equilibria. 

Much of the geologic data that has 
been adduced in favor of transformist 
or magmatist interpretations must be 
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reexamined in the light of the new ex- 
perimental data and the anatectic model. 
Much of the argument for granitization 
rests on the persistence within granites 
of what seem to be relics of preexisting 
rocks, minerals, and structures. To what 
extent are these relics simply residues 
from which the granitic fraction has 
been extracted or redistributed by ana- 
tectic mobilization? Once the granite 
fraction becomes mobile, how far 
might it move? How much chemical 
mobility is there in intergranular fluids 
below the stability field of granite 
liquids, and to what extent is a melt 
phase necessary to segregate a granite 
fraction from rocks? When a melt 
fraction forms in rocks, to what ex- 
tent does the rock as a whole lose 
cohesion and become subject to semi- 
viscous flow, and under what conditions 
does the melt. phase segregate from the 
unmelted residue? Up to what stage 
will the geologic configuration continue 
during these processes to simulate the 
ghost stratigraphy and structural rela- 
tionships on which the granitization 
hypothesis rests? These and a host of 
other intriguing questions suggest them- 
selves. 

H. H. Read has said that the granite 
problem is essentially a field prob- 
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Fig. 9. Stability fields at the liquidus in the system NaAISisO;-KAISi,O;-SiO.-H.O for 
various pressures of water vapor. Liquidus temperatures fall toward a trough on the join 
between feldspar and the silica minerals. Two feldspars begin to crystallize, and a 
ternary eutectic appears at water-vapor pressure of about 3,500 kg cm~*. The minimum 
temperature on the liquidus falls from about 950°C for the dry melt (compare Fig. 6) 
to about 650°C with water-vapor pressure of 4000 kg cm~. [Tuttle and Bowen (28)] 
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lem (32). I must offer a _ resound- 
ing dissent. Whenever a geologist seeks 
to discover the origin of a configura- 
tion of rocks he must bring to it some 
conception of the physical and chemical 
processes which are possible in rocks. 
The geologist interested in surficially 
formed rocks can often study his proc- 
esses at work in the field, but this op- 
portunity is not vouchsafed the student 
of granite except by extrapolation and 
analogy from the crucible and the high- 
pressure furnace. 

Looked at from this point of view, 
the granite controversy has been a 
noble effort by geologists to pull them- 
selves up by their bootstraps, to dis- 
cover the origin of granite before the 
physics and chemistry of the system 
could be investigated experimentally or 
theoretically in the appropriate regions 
of pressure, temperature, and composi- 
tion. The magmatist effort has been at 
least superficially conservative. It has 
been an effort to interpret the geology 
in terms of models based only on well- 
known fundamental physical and chem- 
ical processes—basically, heat flow, 
mechanical motion of solid and fluid 
bodies, crystal-melt equilibria, and frac- 
tional crystallization. Where the geo- 
logic configuration has seemed to be at 
odds with the ostensible consequences 
of these processes, the magmatist has 
sneaked behind his conservative facade 
to make ad hoc assumptions about the 
working of his processes under condi- 
tions at depth. 

The transformists have in a sense 
been more openly imaginative and 
more radical in turning to the poorly 
known processes of diffusion where the 
well-known ones seem to fail. Specula- 
tive though a good deal of their special 
geochemical doctrine may be, it has 
performed a great service in shaking 
the complacency which always over- 
comes those who believe they are being 
conservative. It has forced geologists to 
look harder at their rocks, to define the 
limitations of the processes, to question 
oversimplified or inflexible models, and 
to extend their experimental investiga- 
tions into increasingly critical regions. 
Transformists who have read _ these 
words may well be smiling to them- 
selves with the thought that at last the 
magmatists have “discovered”. granitiza- 
tion. The difference is that modern ex- 
perimental research is beginning to ex- 
plore rather than hypothesize physical- 
chemical processes which can ultimate- 
ly reconcile the many puzzles presented 
by the geology of granite. 
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Strontium-90 Content 


of the Stratosphere 


A low concentration of strontium-90 in the stratosphere 
indicates a short stratospheric residence time. 


Prediction of the future hazard to 
the human population from radioac- 
tive fallout from past and future tests 
of nuclear weapons requires an esti- 
mate of the amount of debris held in 
the stratosphere and its rate of release 
to the troposphere and thence to the 
ground. Estimates of the stratospheric 
burden and residence time of strontium- 
90, generally considered to be the most 
hazardous fission product, have been 
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made in the past (J, 2) by combining 
assumed stratospheric bomb yields with 
measurements of fallout in rain and 
soil. However, each of these numbers 
is known only approximately. Some 
data are available from Project Ashcan 
(3), a project in which filter sampling 
of air is carried out by means of bal- 
loon-borne samplers. Unfortunately, 


uncertainties in the sampling efficiency 
and in the radiochemical analyses have 
limited the usefulness of these data 
(2,4, 5). 
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Research Program 


Since August 1957, long-range, high- 
altitude Lockheed U-2 aircraft of the 
U.S. Air Force have been systemati- 
cally sampling the radioactive debris in 
the stratosphere as part of the High 
Altitude Sampling Program sponsored 
by the Defense Atomic Support Agen- 
cy. The scientific direction of the 
sampling program, the radiochemical 
analysis of samples, and the meteor- 
ological interpretation of the data are 
the responsibility of Isotopes Inc., 
Westwood, N.J. (6). 

After an initial training and testing 
phase, from August to October 1957, 
at Laughlin Air Force Base, Texas, 
the sampling aircraft were based at 
Plattsburg Air Force Base, New York, 
and Ramey Air Force Base, Puerto 
Rico. From these two bases a north- 
south sampling corridor along the 70th 
meridian (W) extending from latitude 
66° N to 6° S, was monitored systemati- 
cally from November 1957 through 
May 1958. During June and July 
1958, sampling was conducted only in 
the vicinity of Puerto Rico. From Sep- 
tember 1958 through August 1959 the 
aircraft operated from Ramey Air 
Force Base and from Ezeiza Airfield, 
near Buenos Aires, Argentina, in order 
to sample the atmosphere in the South- 
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ern Hemisphere more completely. A 
corridor along the 63rd_ meridian 
(W), extending from latitude 38° N to 
57° S, was monitored. The aircraft 
from Ramey made occasional deploy- 
ments to Plattsburg to check the north- 
ern reaches of the sampling corridor. 
It is believed that the air sampled 
along a meridional corridor is repre- 
sentative of the entire atmosphere if 
sampling is carried out over a suf- 
ficiently long period of time. Eventual- 
ly the whole atmosphere is carried 
through the corridor by normal zonal 
circulation. 

Each of the six aircraft used for 
carrying out the high altitude sampling 
program has a sampler, capable of ex- 
posing four filter papers, consecutively, 
installed in the nose position. A single 
sample usually consists of the particu- 
late matter filtered from 5000 to 20,- 
000 standard cubic feet of air. Two 


Fig. 1. Photomicrograph of an autoradiogram of a cellulose fiber from a filter paper 
used to collect stratospheric particles. The blackened silver grains, about 1 micron in 
diameter, were activated by beta emission from fission products contained in stratospheric 
particulate matter. The stratospheric particles are too small to be observed in the light 
microscope, but the autoradiogram discloses their presence in the fiber. The autoradiogram 


missions, each of which collects 16 
samples from the corridor, are sched- 
uled per week. 

As a result of wind-tunnel and in- 
flight calibrations of the sampler, car- 
ried out by the Air Force under the 
direction of E. G. Reid, the volume of 
air represented by a sample may be 
calculated to within about 15 percent. 
Special filter paper with a high perme- 
ability, which permits operation at a 
high face velocity, is used. This paper 
(1.P.C. filter paper number 1478) con- 
sists of cotton fibers impregnated with 
dibutoxylethyl phthalate. Wind-tunnel 
measurements of filter-paper retention, 
carried out under the direction of J. 
A. Van den Akker at the Institute of 
Paper Chemistry, have indicated that 
this paper has a collection efficiency of 
approximately 100 percent for par- 
ticles as small as 0.005 micron in 
diameter, and they have suggested that 





was obtained by coating liquid NTB-3 emulsion on a microtomed section, 5 microns 
thick, which contained the fiber. The emulsion was exposed for 1 month and developed 


for 5 minutes in D-19. [Isotopes Inc.] 
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its efficiency in collecting smaller par- 
ticles is equally high. 


Analysis 


All filter papers, immediately after 
sample collection, are sent to Isotopes, 
Inc., where they are analyzed for total 
beta activity (Fig. 1) and strontium- 
90 content. Some samples are also 
analyzed for concentrations of the 
potentially hazardous nuclides cesium- 
137 and plutonium. Measurements of 
barium-140, strontium-89, zirconium- 
95 and cerium-144 are made to deter- 
mine the age of the debris. Tungsten- 
185 and rhodium-102, introduced as 
tracers during the United States test 
series of May—August 1958 in the 
Pacific, are also determined. 

An aliquot of each sample is set 
aside, and beta activity is counted over 
the course of several weeks. The level 
of activity and the apparent half-life 
of the activity are indicative of the 
age of the debris sampled. Other alli- 
quots are taken from about one-fourth 
of the samples for analysis of the 
gamma spectra, which provide meas- 
urements of the barium-140 and zir- 
conium-95 concentrations. One half 
of each paper is ashed at about 450° 
C. The ash is taken into solution, 
and separate aliquots are removed for 
analysis for tungsten-185, rhodium- 
102, and plutonium and for a sequen- 
tial analysis for zirconium-95, cerium- 
144, barium-140, strontium-89, stronti- 
um-90, and cesium-137. 

From the radiochemical data the 
disintegration rate per unit mass or 
unit volume of air is determined, 
through knowledge of the altitude at 
which the sample was collected, the air 
speed of the plane during sampling, the 
effective cross-sectional area of the filter, 
and the temperature of the air. A me- 
teorological cross section is constructed 
along each flight track on the basis of 
data from radiosonde stations located 
near the sampling corridor. 


Results and Conclusions 


By 1 May 1959 more than 1400 sam- 
ples had been collected. The conclusions 
given here are based on the radiochem- 
ical analyses of over 800 of these sam- 
ples. 

The strontium-90 content of the strat- 
osphere varies markedly with latitude 
and altitude. Between September 1958 
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and April 1959, the concentrations of 
strontium-90 in the Southern Hemi- 
sphere were generally between 40 and 
80 disintegrations per minute per 1000 
standard cubic feet of air. Between No- 
vember 1957 and April 1959, concen- 
trations of strontium-90 in the strato- 
sphere of the Northern Hemisphere were 
between 100 and 300 disintegrations per 
minute per 1000 standard cubic fect. 
Samples collected in clouds of debris 
from bomb tests conducted only a 
month or two before sampling showed 
much higher activities. The upper trop- 
osphere normally has a strontium-90 
concentration of less than 3 disintegra- 
tions per minute per 1000 standard 
cubic feet. 

The total stratospheric inventory of 
strontium-90 has been calculated by 
integrating the specific activities over 
the entire stratosphere. Because of lim- 
itations in the range of the aircraft and 
in the altitude they could attain, the 
data must be extrapolated to the upper 
stratosphere and to the poles. Fortu- 
nately, the specific activity of the atmos- 
phere is greatest in the lower layers of 
the stratosphere, most of which can be 
sampled by the aircraft. The extrapola- 
tion to the top of the atmosphere has 
been made primarily by using data from 
Project Ashcan (3), which show a maxi- 
mum in the concentration of strontium- 
90 per unit mass of air at 65,000 feet, 
with strong decreases in concentration 
with altitude up to 90,000 feet (4). Ac- 
tually, only a small percentage of the 
mass of the atmosphere lies above the 
limits reached in the sampling program, 
and no reasonable assumption as to the 
exact distribution of activity within this 
portion of the atmosphere will signifi- 
cantly affect the calculated total inven- 
tory. The stratosphere above the polar 
tropopause appears to be fairly well 
mixed so that extrapolation poleward 
beyond the range of the sampling pro- 
gram aircraft should introduce only a 
small error into the calculation. Data 
from two sampling missions to the North 
Pole indicate that the concentration of 
nuclear debris in the polar stratosphere 
farther north than the limit of normal 
sampling is roughly the same as the con- 
centration in the part of the northern 
polar stratosphere regulariy sampled. In 
Table 1 the total strontium-90 concen- 
tration of the atmosphere, averaged over 
the period November 1957 through 
November 1958, is given as a function 
of latitude. Strontium-90 data for sam- 
ples collected during this period give a 
total concentration of strontium-90 in 
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the stratosphere for that period of about 
1.0 megacurie. This is considerably less 
than the burden of 2.5 to 3.2 megacuries 
estimated by Libby (2) in the past. 


Rates of Mixing 


The data from the high altitude sam- 
pling program have shed some light on 
the rates of mixing of stratospheric air. 
The persistence of strong vertical con- 
centration gradients in the specific 
activity of debris has shown, for ex- 
ample, that vertical mixing through al- 
titudes up to 5000 feet is slow compared 
with horizontal mixing through several 
hundred miles above the tropical tropo- 
pause. Both the north-south spread of 
individual “hot clouds” and the pole- 
ward diffusion of tungsten-185 intro- 
duced during Project Hardtack have 
demonstrated a fairly rapid lateral 
spread of debris. Within less than 5 
months after the first introduction of 
large quantities of tungsten-185 into 
the stratosphere, at about 10° north 
latitude, stratospheric concentrations at 
latitude 45°N had increased to about 
20 percent of those at 10°. Lockhart 
found that the transport of debris across 
the equator in the troposphere is quite 
slow compared with the rate of mix- 
ing within the Northern Hemisphere 
(7). However, by 1 January 1959 the 
concentrations of tungsten-185 in the 
northern polar stratosphere were only 


Table 1. Variation in the concentration of 
strontium-90 in the stratosphere with latitude. 





Millicuries 
Latitude per 
square mile 


Megacuries 





Northern Hemisphere 


0°-10°N 6.4 0.110 
10°-20°N 4.2 0.069 
20°-30°N 4.1 0.064 
30°-40°N 5.0 0.070 
40°-50°N 8.3 0.101 
50°-60°N 12.2 0.120 
60°-70°N 13.8 0.100 
70°-80°N 11.3 0.050 
80°-90°N 10.7 0.016 

0°-90°N 0.70 

Southern Hemisphere 

0°-10°S 4.9 0.083 
10°-20°S 1.8 0.030 
20°-30°S 2.0 0.031 
30°-40°S 27 0.038 
40°-50°S 3.6 0.044 
50°-60°S 3.1 0.031 
60°-70°S ae 0.023 
70°-80°S 2.9 0.013 
80°-90°S aa 0.004 

0°-90°S 0.30 

Both hemispheres 
Total 1.0 





about three times as high as those in the 
southern polar stratosphere. 

There is some confirmation of the 
theory that the tropopause gap, the 
region in middle latitudes where the high 
tropical tropopause overlaps the lower 
polar tropopause, is the chief route of 
transport of radioactive debris from the 
stratosphere into the troposphere. Sam- 
ples taken in this region show a grad- 
ual decrease in activity in passing from 
the polar stratosphere laterally through 
the gap and into the tropical tropo- 
sphere. The movement of air through 
the gap is promoted by the generally 
turbulent character of the region, as 
exemplified by its frequent association 
with the jet stream. The marked increase 
in turbulence in the gap during winter 
months may be a major cause of the 
observed spring maximum in the rate at 
which fallout reaches the ground (8). 


Residence Half-Time of Debris 


The residence half-time of nuclear 
debris in the stratosphere may by calcu- 
lated by comparing the measured strat- 
ospheric inventory of  strontium-90 
with estimates of the total quantity in- 
jected into the stratosphere since the 
testing of nuclear weapons began. It is 
assumed, for purposes of this calcula- 
tion, that the “drip” of debris out of the 
stratosphere can be approximated by 
first-order kinetics. Although this is an 
oversimplification, it does yield a first 
approximation to the truth. According 
to data released by the Atomic Energy 
Commission on nuclear bomb yields (9), 
the total fission yield for air bursts from 
1945 through 1958 was 37.8 megatons. 
Presumably about 15 megatons of this 
amount were produced by the Soviet test 
series during the fall of 1958 (2). The 
total fission yields for ground-surface 
and water-surface bursts during the same 
period were 21.5 and 32.6 megatons, 
respectively. If it is assumed that 100, 
20, and 30 percent of the debris from 
air, land-surface, and water-surface 
tests, respectively, stabilizes in the 
stratosphere, it appears that about 37 
megatons of fission products had been 
introduced into the stratosphere by Oc- 
tober 1958, when the Russian fall test 
series began. To explain the presence of 
only 1.0 megacurie of strontium-90, 
taken to be equivalent to 10 megatons 
of fission products, by mid-1958, one 
must assume a residence half-time in 
the stratosphere of less than one year, 
equivalent to a mean residence time of 
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less than 18 months. If it is assumed 
that debris introduced into the polar 
stratosphere by Russian tests has a dif- 
ferent residence time than debris intro- 
duced in the tropical stratosphere by 
United States and British tests, resi- 
dence half-times of 4 to 9 months for 
Russian debris and 9 to 15 months for 
United States and British debris may be 
derived. These values appear to be ap- 
plicable to the debris which has been 
introduced into the stratosphere during 
the past four years; debris introduced 
at higher altitudes by the 1954 Castle 
series of high-yield tests may have had 
a longer residence time. 

Alexander (/0) has estimated that 
the total ground inventory of strontium- 
90 by 1 October 1958 was 3.2 mega- 
curies. Thus, the ground inventory in 
July 1958 was probably about 3.0 mega- 
curies. The estimates of yields give a 
stratospheric injection of 37 megatons of 


fission products, or about 3.6 megacuries 
of strontium-90, by July 1958. The 


values 1.0 megacurie for the strato- 
spheric burden and 3.0 megacuries for 
the ground burden agree reasonably well 
with this value for total injection, in 
view of the uncertainties in these esti- 
mates. 

Because the residence time of most 
nuclear debris in the stratosphere is 
relatively short, the radioactive decay 
of the debris during its storage there is 
negligible for long-lived nuclides such 
as strontium-90 and cesium-137 and is 
much less than was previously expected 
for nuclides such as strontium-89 and 
cerium-144. As a result, stratospheric 
storage cannot appreciably lessen the 
ultimate dietary and skeletal contamina- 
tion of the human population. On the 
other hand, predictions of the surface 
concentrations of strontium-90 to be 
expected during the next few years as 
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Fig. 2. Predicted concentrations of sirontium-90 in the Northern Hemisphere. 
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a result of further stratospheric fallout 
have generally been too high because of 
the overly high estimates of the current 
stratospheric inventory. 


Predicted Levels in Human Beings 


A calculation may be made of the 
strontium-90 concentrations in human 
bones to be expected in the future if the 
testing of nuclear weapons in the atmos- 
phere is not resumed. Kulp et al. (11) 
have estimated that a concentration of 
about 2.2 micromicrocuries per gram of 
calcium existed in newly formed bone in 
the North Temperate Zone in July 


‘1958. It is assumed that the dietary lev- 


els of strontium-90 are directly propor- 
tional to the total quantity of strontium- 
90 in soil. As a result of the Soviet tests 
in late 1958, the total stratospheric bur- 
den reached more than 2 megacuries by 
November 1958. It is assumed that all 
debris from the Soviet tests will be 
deposited in the Northern Hemisphere 
and that the residence half-time is 6 
months for Soviet debris and 12 months 
for U.S.—-British debris. As shown in 
Fig. 2, the concentration of strontium- 
90 in newly formed bone will continue 
to rise for one or two years, passing a 
maximum of almost 4 micromicrocuries 
per gram of calcium during 1961. After 
the maximum is reached, the concen- 
trations should decrease at a rate close 
to the 28-year half-life of strontium-90, 

If, as is quite possible, dietary levels 
of strontium-90 are more dependent up- 
on the rate of fallout than upon the cu- 
mulative surface burden, the maximum 
concentrations in newly formed bone 
should have been reached in 1959, and 
concentrations should decrease fairly 
rapidly during the next few years. Thus, 
no great increase in skeletal burden is 
to be expected as a result of future 
stratospheric fallout from the bomb tests 
conducted through the end of 1958 (12). 

Note added in proof. Data from the 
analyses of 1029 samples collected since 
1 January 1959 have been used to cal- 
culate a mean stratospheric strontium- 
90 burden of 0.8 Me for January to 
August 1959. This is lower than the 
burden predicted in Fig. 2, suggesting 
that (i) the fall 1958 Soviet injection 
was less than 15 Mc of fission products, 
(ii) more than half of the debris from 
this Soviet injection fell out within six 
months, and (iii) at least half of the 
debris injected by the U.S. and Great 
Britain during 1958 fell out within 12 
months. 
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Project) were responsible for the initiation 
and coordination of the work. Dr. F. H 
Shelton, Lt. Col. R. W. Swanson, Lt. Col. 
H. C. Rose, Col. R. D. Maxwell, Maj. A. K. 
Stebbins, III, and Maj. L. E. Trapp contrib- 
uted to that phase of the program. Personnel 
of the 4080th Strategic Reconnaissance Wing, 
Light, and of the Air Rescue Service of the 
U.S. Air Force performed the extremely dif- 
ficult sample-collecting operation. At Isotopes, 
Inc., planning of the sampling program and 
interpretation of the results were carried out 
largely by Dr. D. R. Carr, Dr. J. L. Kulp, 
Dr. J. Spar, Dr. H. L. Volchok, and myself. 
The radiochemical analysis program was di- 
rected by Mr. P. W. Krey, and the evaluation 
of data on sampling efficiency was carried out 
by Dr. J. P. Friend. Many other scientists and 
technicians made _ substantial contributions. 


John A. Anderson, 


Astronomer 


The 200-inch telescope on Palomar 
Mountain, California, was the work of 
many men. George E. Hale, of course, 
was responsible for the concept of such 
an instrument and for the enthusiasm 
that brought adequate financial support. 
The man chiefly responsible for its 
actual construction and for its present 
very successful operation was John A. 
Anderson. 

Anderson was born at Rollag, Minne- 
sota, 7 August 1876 and died suddenly 
in Altadena, California, 2 December 
1959. He received his B.S. degree from 
Valparaiso University (Indiana), in 1900 
and his Ph.D. from Johns Hopkins Uni- 
versity in 1907. He remained at Johns 
Hopkins until 1916, advancing through 
the ranks of instructor, assistant profes- 
sor, and associate professor. While in 
Baltimore he carried out various in- 
vestigations on absorption and emission 
spectra and on the rotation of tourma- 
line by polarized light. He also took 
charge. of the ruling machine con- 
structed by Rowland for making spec- 
troscopic gratings. Besides ruling a num- 
ber of the finest gratings that had been 
produced up to that time, he developed 
methods for making replicas. With 
C. M. Sparrow he published a theory 
of the effect of groove form on the dis- 
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and Physicist 


tribution of light by a grating. This was 
one of the important early steps toward 
the production of “blazed” gratings of 
high efficiency which play so important 
a role in current astronomical spectros- 
copy. 

During the second decade of the pres- 
ent century, the Mount Wilson Observa- 
tory of the Carnegie Institution of 
Washington, under Hale’s direction, was 
building up a group for the investigation 
of various fields of physics in order to 
obtain the fundamental data necessary 
for the interpretation of astronomical 
phenomena. In 1916 Anderson was in- 
vited to join this group of physicists, 
which included Harold Babcock and 
Arthur King. He immediately took 
charge of the large ruling engine which 
was then under construction. 

Shortly after World War I Anderson 
developed the exploding-wire techniques 
for producing very high temperatures 
approximating those of the hotter stars. 
These high temperatures were obtained 
by discharging a large 50,000-volt con- 
denser through a fine metallic wire; this 
procedure instantly evaporated the wire 
and raised the vapors to temperatures of 
20,000°C or more. Since these explo- 
sions lasted only microseconds, Ander- 
son and Sinclair Smith developed new 
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techniques and instruments, including 
the rotating-mirror camera, the rotating 
mirror spectrograph, and the Kerr cell 
shutter, for studying them. These tech- 
niques and instruments came into com- 
mon use during World War II in con- 
nection with atomic-bomb problems. In- 
deed, one of the original Anderson and 
Smith rotating-mirror cameras was used 
on that project and became the proto- 
type of later models. During this same 
period Anderson contributed significant- 
ly to the development of Michelson’s 
stellar interferometer and, in particular, 
to its application to the measurement of 
double stars. In collaboration with 
Harry O. Wood he developed the theo- 
ry of the torsion seismometer. He de- 
signed equipment for, and participated 
in, eclipse expeditions in Spain in 1905, 
in Wyoming in 1918, in California in 
1923, and in Sumatra in 1926. 

In 1928 the International Education 
Board granted $6 million to California 
Institute of Technology for the construc- 





John A. Anderson 


tion of a 200-inch telescope. An ob- 
servatory council, composed largely of 
institute trustees, was placed in charge 
of the project. Because of his broad ex- 


perience in instrumentation and in 
optical techniques, Anderson was im- 
mediately appointed executive officer of 
the council, a position which he held 
until the essential parts of the telescope 
were completed, in 1948. In this posi- 
tion he was in direct charge of all phases 
of the observatory project. This in- 
cluded observations of “seeing” and 
other meteorological conditions at 
dozens of sites in southern California 
and Arizona. This survey resulted in the 
selection of Palomar Mountain as the 
location of the new observatory. At the 
same time a search for the best material 
for the 200-inch mirror was started. 
After extensive efforts to make a disk 
of fuzed quartz were finally abandoned, 
Pyrex glass was selected. 

The detailed design of the telescope 


was then undertaken. This involved 
many studies to eliminate or compen- 
sate for flexure, to provide a smooth 
and accurate drive mechanism, and to 
investigate innumerable other problems. 
In all these projects the best engineers 
and scientists of the country were called 
in as consultants but to Anderson and 
the small group working with him fell 
the responsibility of integrating the in- 
formation and the various suggestions 
into a design for an effective instrument. 
When the mirror was completed and 
shipped to Pasadena, Anderson directly 
supervised the optical work done on it. 
During the long period of polishing it 
to its final figure he personally made 
most of the detailed optical tests. 

In its first decade of operation the 
200-inch telescope has proved itself to 
be an unusually effective instrument. It 
is also one of the very few iarge instru- 
ments which has gone smoothly into 
operation with only minor adjustments 


Science in the News 


Navy Releases Sounding Information; 
Availability of Data Will Expedite 
International Scientific Exchange 


A recent revision of Navy policy has 
made available for the first time all 
oceanic sounding data obtained by Navy 
ships when they are on routine opera- 
tions and are using conventional meth- 
ods of navigation. A very large amount 
of bathymetric material has been ac- 
cumulating in Navy files for many years, 
yet only the very few scientists specially 
qualified in this field who are working 
for the Navy, and about ten civilian 
scientists, have had access to this reser- 
voir of invaluable information. 


Action Recommended by Academy 


In recent years, and particularly since 
the International Geophysical Year, sci- 
ence has been increasingly concerned 
with the structure of the earth, 70.8 
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percent of which is covered by ocean. 
The Committee on Oceanography of the 
National Academy of Sciences—National 
Research Council has long urged release 
of the Navy data, pointing out that 
classification of the data was retarding 
research in an area of growing impor- 
tance. All of the eleven members 
of the academy committee, which is 
headed by geochemist Harrison Brown 
of California Institute of Technology, 
have worked on classified government 
projects and are therefore well aware 
of security requirements. 

A committee spokesman commented 
recently: “We need a large number of 
people working in a field in order to 
have a reaction to a new idea—or, in 
fact, even to have a new idea. Release 
of this information may increase by a 
factor of about 100 the possibility of 
finding something new.” 

He also pointed out that the revised 


and modifications being required to 
perfect its performance. Much of the 
credit for this unusual record is due to 
John A. Anderson. 

Anderson, a quiet retiring person, was 
very reticent about his own investiga- 
tions and published a relatively small 
number of papers, but every one repre- 
sented a major contribution to its field. 
He was always ready to give helpful sug- 
gestions on instrumental problems to his 
colleagues, and many of his ingenious 
ideas bore fruit in their publications and 
investigations. His broad interests were 
shown by his membership in the Ameri- 
can Astronomical Society, the Seismo- 
logical Society, the Physical Society, 
the Optical Society, the Chemical Soci- 
ety, the National Academy of Sciences, 
and the American Association for the 
Advancement of Science. 

I. S. BowEN 
Mount Wilson and Palomar 
Observatories, Pasadena, California 


policy would put this country in a much 
better position internationally by speed- 
ing up the flow of information. Other 
countries have sometimes been some- 
what slow and erratic in providing data 
for United States research because the 
exchange has been one-sided. Most mari- 
time countries make such material free- 
ly available—England and Japan, for 
example, although not the U.S.S.R. 

Bathymetric data have commercial 
as well as research value, as demon- 
strated by the fishing industry’s need for 
knowledge of the sea floor. 


Data of Little Military Use 


The Navy’s move to declassify these 
data was first mentioned on 26 January 
in a New York Times report on the 
International Symposium on Arctic 
Geology, held recently in Canada. The 
Times article implied incorrectly that 
data of military importance were to be 
declassified. This prompted Senator 
Styles Bridges to write in protest to 
Secretary of the Navy William B. 
Franke. Bridges said, in part: 

“T am deeply disturbed by the report 

. Stating the Navy is about to issue 
an open-door policy on hitherto secret 
deep-sea soundings. . . 

“I cannot go along with the under- 
lying philosophy that our scientists are 
hampered by having to keep such in- 
formation secret. I notice the Soviet 
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scientists, who work under conditions 
of extreme secrecy as far as the rest 
of the world is concerned, manage to 
distinguish themselves. . . .” 

In his letter of reply, Franke ex- 
plained that the data to be released 
would be of no value for “precise work 
required by a potential enemy.” All 
sounding information obtained by pre- 
cise, electronic methods will continue 
to remain classified, as will all data ob- 
tained from ships which are on classified 
maneuvers. 

Franke also emphasized that the new 
instruction regarding oceanic soundings 
is not a reversal of Navy policy and 
certainly does not represent a conces- 
sion to American scientists at the ex- 
pense of national security. Franke 
said: 

“The present policy represents rather 
a reappraisal of former directives so 
that all military information remains 
safeguarded while at the same time 
data which are not of material use to 
a potential enemy are made available 
to our own scientific community. In 
no case is this a carte blanche release 
of information. . . .” ; 

It is only precise knowledge of the 
kind that is still classified that might, 
for example, help an enemy submarine 
to move more stealthily or to fire a 
missile accurately at an American city. 


The Navy Order 


The section of the Navy directive that 
is of the greatest significance to scien- 
tists, particularly geologists and ocea- 
nographers, reads as follows: 

“All... sounding information, charts, 
collection sheets, and other means of 
portraying ocean depths [except for spe- 
cial information that must remain clas- 
sified for military reasons] shall be un- 
classified. This includes but is not lim- 
ited to sounding records, echograms, 
collection sheets, small scale chartlets 
prepared for inclusion in scientific or 
technical papers, and similar sounding 
information where the method of posi- 
tioning is by conventional navigational 
means such as piloting, navigation ra- 
dar, celestial navigation, loran A, or 
dead reckoning.” 

The ‘newly declassified information, 
which is available both to individuals 
and to organizations, may be obtained 
by writing to the Hydrographer, U.S. 
Navy Hydrographic Office, Washington 
25, D.C. An applicant must bear the 
expense involved in reproducing the data 
that he requests. 
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Cosmic-Ray Balloon Flights 
Successfully Completed before 
French Nuclear Explosion 


Two of the largest high-altitude bal- 
loons ever launched were sent up re- 
cently from an aircraft carrier as part 
of an over-all study of cosmic rays 
known as Project ICEF (Interna- 
tional Cooperative Emulsion Flights). 
The experiment, which took more than 
a year to prepare, might have failed 
if the French Government had set off 
its nuclear explosion before the 
launching. 

About 25 universities and other re- 
search institutions, representing every 
continent except Antarctica, are par- 
ticipating in the ICEF program, which 
is centered at the University of Chicago, 
under the sponsorship of the National 
Science Foundation and the Office of 
Naval Research. The program’s scien- 
tific work was under the direction of 
the late Marcel Schein, professor of 
physics at Chicago, prior to his death 
on 20 February. 

The 10-million-cubic-foot balloons, 
which were more than 400 feet high, 
carried 800-pound blocks of special 
photographic emulsion sheets to record 
primary cosmic-ray particles. The 
launchings, called Skyhook 60 by the 
Navy, were made from the deck of 
the U.S.S. Valley Forge as she cruised 
in the Caribbean late in January. 


Schein Writes France’s Perrin 


The timing of the launchings was of 
especial significance, for France had 
announced plans to conduct a nuclear 
test in the Sahara Desert. Radiation 
from such an event would have fogged 
the emulsion sheets to be sent aloft. 

It has just been revealed that in mid- 
December Schein wrote to his friend 
Francis Perrin, high commissioner of 
the Atomic Energy Commission of 
France, to ask for reassurance about 
“possible interference” in his experi- 
ments between 23 January and 5 Feb- 
ruary. When the Valley Forge sailed 
from Norfolk, Va., for the Caribbean 
on 18 January, the letter was still un- 
answered and Schein had a telegram 
sent that indicated his concern. 

A reply came from Perrin on 20 
January which said: “I have passed on 
information sent by Professor Schein 
in order to avoid failure of the forth- 
coming experiments.” In a letter dated 
the same day, which arrived later, Per- 
rin wrote: “I believe you can go on 





without any risks of interference with 
the experiments you are planning be- 
fore 5 February.” These communica- 
tions, are clear evidence of France’s 
unusual interest and good will, although 
they do not indicate whether or not 
changes were made in France’s test 
schedule in response to Schein’s appeal. 
The Sahara nuclear explosion occurred 
on 13 February. 


The Flights 

The first balloon, Skyhook Bravo, 
rose without mishap to 116,000 feet 
(about 21 miles) on 26 January. How- 
ever, unexpectedly strong winds in the 
upper stratosphere drove the balloon 
southwestward too fast. To avoid the 
risk of losing the gondola in the Vene- 
zuelan jungle, it was cut down over 
the sea about 400 miles off the South 
American coast, where it was retrieved 
by a destroyer the next day. 

Because the emulsion had been ex- 
posed only 5 hours, it was decided that 
the same gondola should be sent up a 
second time in a flight designated Sky- 
hook Bravo Re-Fly. However, this was 
delayed until after Schein had flown 
to Puerto Rico to talk with the all- 
important weather advisers for the 
project, Herbert Riehl, professor of 
meteorology at the University of Chi- 
cago and former head of the univer- 
sity’s Institute of Tropical Meteorology 
at San Juan, and Ralph Higgs, super- 
visory meteorologist at the U.S. Weath- 
er Bureau airport station in San Juan. 

On 30 January Bravo Re-Fly as- 
cended to 113,500 feet but then steadily 
lost altitude, apparently because of 
ballast difficulties. The balloon finally 
held level at 61,000 feet. Meanwhile, a 
third flight, Skyhook Charlie, was at- 
tempted the following day, 31 Janu- 
ary. When Charlie tore free of its load 
and collapsed into the sea, Bravo Re- 
Fly assumed new importance. The lat- 
ter’s gondola was cut free and para- 
chuted down after 27 hours, and thus 
its film now holds the record of 32 
hours of cosmic-ray bombardment— 
the total for the two flights. 

The stack of emulsion sheets that 
were to have been carried by Charlie 
will last only a short time, even when 
kept refrigerated. Therefore, another 
flight is scheduled to take place within 
the next few weeks. 

The emulsion sheets will be divided 
among a number of research groups at 
universities throughout the world. The 
international aspects of the program 
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i) 





make possible a world-wide team study 
of high-energy phenomena not ob- 
tainable with present-day accelerators. 
Individual scientists with particular 
competence in this pioneering field of 
physics, working independently but on 
common phenomena, will, it is hoped, 
provide a considerable increase in 
knowledge of interactions among nu- 
clear and electromagnetic particles and 
of their galactic origins. It is estimated 
that research workers will require about 
2 years to analyze the data. 


Skyhook Results Assessed 


Shortly before his death Schein said: 
“We are sure that we have obtained 
excellent data from the two ‘Bravo’ 
flights.” He predicted that many “mon- 
sters” would show on the block of film. 
“Monsters” are cosmic-ray events so 


ie Shae, 


powerful that their effects can be seen 
with the naked eye. Schein also was 
confident that the emulsion would re- 
veal hypernuclei produced by colli- 
sions, strange-particle production, and 
some rarely observed break-up proc- 
esses of heavy nuclei in a primary cos- 
mic-ray event. 

For meteorology the immediate re- 
sults of Skyhook 60 are more specific, 
according to Riehl. He says that the 
day and night data studies for the 
recent flights suggest the possibility 
that an ideal meteorological laboratory 
has been found. He commented: 

“There are characteristics at 100,- 
000-120,000 feet that are remarkably 
similar to weather patterns at lower 
altitudes. This we never knew before. 
We can now see that the upper strato- 
sphere is a transporter of weather mo- 





Skyhook Bravo Re-Fly just before launching. With inflation tubes tied off and dangling, 
the balloon stands nearly 500 feet above the deck of the U.S.S. Valley Forge. 
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mentum. Why this transfer of mo- 
mentum occurs is not at all obvious. 
What its effects are on lower level 
weather we do not yet know. Isolated 
weather systems at such heights—free 
of friction from the earth’s surface 
and of distortion from the earth’s heat 
—offer us an ideal laboratory. Up to 
now, we have felt that it would be a 
waste of time to explore the meteor- 
ology of the upper stratosphere. With 
our ‘Skyhook’ discoveries, perhaps we 
can go on to find more general laws of 
weather than we now possess.” 





New York Science Teachers 


Campaign for Improved Teaching 


Business leaders and a group of dis- 
tinguished scientists will lead the dis- 
cussions at a science teachers’ luncheon 
conference scheduled for 19 March at 
the Hotel Statler-Hilton, New York. 
The conference, “Science for Survival,” 
is being conducted by the Federation 
of Science Teacher Associations of New 
York City in connection with its annual 
luncheon. 

The affair, which has been largely a 
social event in past years, is being used 
this year as part of a continuing cam- 
paign by the science teachers to point 
up the deficiencies, needs, and possi- 
bilities of better science teaching in the 
city’s schools. The conference will in- 
clude a series of panels dealing with 
the training of future scientists, devel- 
opment of scientific literacy, the status 
of science teachers, and community co- 
operation in science education. 

Scientists who will participate include 
Peter Debye, Nobel laureate and pro- 
fessor of chemistry at Cornell Univer- 
sity; Edwin C. Kemble, professor of 
physics at Harvard University; Victor 
P. Bond of Brookhaven National Labo- 
ratory; and Jerrold R. Zacharias, pro- 
fessor of physics at Massachusetts In- 
stitute of Technology. Ticket sales are 
being handled by Martin Roth, George 
Washington High School, Audubon 
Ave. and 192 St., New York, N.Y. 


The Meteorite of 30 June 1908 


The Committee on Meteorites of the 
Academy of Sciences of the U.S.S.R. 
is at present very anxious to obtain in- 
formation about the circumstances of 
the fall of the so-called Tungus mete- 
orite, which occurred during the early 
morning of 30 June 1908, in the middle 
of Siberia. 
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As is known, anomalous bright nights, 
very high nocturnal clouds, vividly col- 
ored twilight, and other occurrences 
follow immediately after such phenom- 
ena, aS was reported by many wit- 
nesses in, Russia and also by some in 
Western Europe. It may be possible that 
data concerning anomalous optical phe- 
nomena in the terrestrial atmosphere 
were also recorded at different mete- 
orological stations, geophysical observa- 
tories, and other sites and were pub- 
lished in the scientific literature of your 
country. We shall be greatly indebted 
to you if you will help us obtain the 
following information concerning such 
data reported in the United States: (i) 
The presence of abnormally bright 
nights, with particulars; the intensity 
of the illumination of the earth’s sur- 
face; (ii) the presence of abnormally 
intense twilight at sunset, or at sunrise, 
with a description; (iii) the occurrence 
of luminous nocturnal clouds and their 
development and movement; (iv) the 
variation of polarization of the day sky; 
and (v) other data concerning the state 
of high layers of the atmosphere. We 
would like to obtain these data for a 
period of 10 to 15 days after the fall 
of the meteorite. 
V. FESSENKOV, chairman 

E. L. KRinov, scientific secretary 
Committee on Meteorites, 
Academy of Sciences, U.S.S.R. 
Osipenko 52, Moscow 127, U.S.S.R. 


Grants, Fellowships, and Awards 


Atmospheric sciences. The University 
Corporation for Atmospheric Research, 
with the support of a grant from the 
Aifred P. Sloan Foundation, Inc., has 
announced a program of graduate fel- 
lowships in the atmospheric sciences— 
meteorology and closely allied fields. 
These fellowships are open to under- 
graduate students who expect to receive 
degrees by August, and to graduate stu- 
dents in mathematics, physics, chemis- 
try, engineering, geophysics, meteorol- 
ogy, and other physical sciences who 
wish to apply their earlier training to 
the study of the physical problems of 
the atmosphere. 

The awards are for full-time graduate 
study of atmospheric science at any 
qualified institution having a graduate 
program in the field. The stipend is 
$4000 per academic year. Fellows may 
not be otherwise gainfully employed 
during the fellowship year; however, 
they are free to seek waivers of tuition 
from their universities. Summer re- 
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search assistantships are available at 
most institutions. Awards will be an- 
nounced on 31 March. 

Churchill College. Churchill Col- 
lege, Cambridge, England, will admit 
a small number of postgraduate stu- 
dents in October 1960. For candidates 
from the United Kingdom and from 
Overseas, there will be available: (i) 
one research studentship for a man 
who intends to proceed to the degree 
of Ph.D. at the University of Cam- 
bridge; and (ii) one _ postgraduate 
studentship for a man who intends to 
pursue approved courses leading to 
certain certificates or diplomas at the 
University of Cambridge. In addition, 
there will be one Gulbenkian research 
studentship reserved for candidates 
from overseas. Elections will be held 
in May 1960 for studentships to com- 
mence in October 1960. 

Any man who on 1 May 1960 has 
not taken up residence in the Univer- 
sity of Cambridge is eligible as a candi- 
date (i) if he has graduated—or will 
have graduated before 1 October 1960 
—at a university other than Cambridge 
and is nominated by the authorities 
of his university, or (ii) if, not being 
a university graduate or prospective 
graduate, he can show evidence of 
exceptional qualification for research 
or for other study at the postgraduate 
level. 

Every candidate must be nominated 
by his university or by an industrial 
or business organization and must 
submit his application through his 
nominators. Application forms may be 
obtained from the Tutor for Advanced 
Students, Churchill College, Cam- 
bridge. Completed forms and_ sup- 
porting documents must be returned 
to the tutor by J April. 

The research studentship will nor- 
mally be for a 3-year period, and the 
postgraduate studentship, for 1 year. 
The amount will be determined by the 
College Council after consideration of 
the student’s income from _ other 
sources; it will not exceed £465 a 
year plus payment by the college of 
approved college and university fees. 

Gravity. The Gravity Research Foun- 
dation has announced that for the 11th 
year it is offering five awards for short 
essays on gravity. The awards will be 
made on 1 June for the best 1500-word 
paper on the possibilities of discover- 
ing: (i) some partial insulator, reflector, 
or absorber of gravity; or (ii) some 
alloy, or other substance, the atoms of 
which can be agitated or rearranged 
by gravity to throw off heat; or (iii) 





some other reasonable method of har- 
nessing, controlling, or neutralizing 
gravity. The amounts of the awards will 
be $1000, $300, $200, $150, and $100, 
respectively. Essays must be sent before 
15 April to the Gravity Research Foun- 
dation, New Boston, N.H. 

Mycology. The New York Botanical 
Garden has announced the Gertrude S. 
Burlingham scholarship in mycology for 
advanced predoctoral study at the bo- 
tanical garden during the summer of 
1960. The stipend is $700; work under 
this appointment may begin at any time 
after 1 June and should continue for 
approximately 3 months, Nominations 
or applications must be sent béfore 15 
April to: Director, New York Botanical 
Garden, Bronx Park, New York 58, 
N.Y. 


Scientists in the News 


Maxwell A. Rosenlicht, professor of 
mathematics at the University of Cali- 
fornia, Berkeley, was awarded the Nel- 
son Cole Prize in algebra at the Chi- 
cago meeting of the American Mathe- 
matical Society. The award is presented 
once every 5 years for contributions to 
mathematical knowledge. Rosenlicht 
was selected for his work on the theory 
of generalized Jacobian varieties. 


Two physics societies have announced 
the election of new presidents. Victor 
F. Weisskopf of Massachusetts Institute 
of Technology is president of the 
American Physical Society, and Leon- 
ard QO. Olsen of Case Institute of Tech- 
nology is president of the American 
Association of Physics Teachers. 


Glenn T. Seaborg, chancellor of the 
University of California, Berkeley, will 
receive the Priestley Memorial Award 
of Dickinson College on 16 March for 
his work in nuclear chemistry. 


Four Soviet biochemists are visiting 
the United States this month to survey 
U.S. research developments in meta- 
bolic diseases. G. Gilbert Ashwell, of 
the National Institute of Arthritis and 
‘Metabolic Diseases, is tour director for 
the group. The visiting scientists are: 
Grachiya K. Bunyatyan, of the Armen- 
ian Academy of Sciences; Mikhail P. 
Chernikov, of the Institute of Biology 
and Medical Chemistry of the U.S.S.R. 
Academy of Sciences; Nikolai N. 
Demin, of the U.S.S.R. Academy of 
Sciences; and Ilya I. Ivanov, of the 
Leningrad Pediatrics Medical Institute. 


653 


Gerard P. Kuiper, formerly with the 
Yerkes Observatory of the University 
of Chicago, has been named research 
professor in the Institute of Atmos- 
pheric Physics, professor in the depart- 
ment of astronomy, and astronomer in 
the Steward Observatory of the Uni- 
versity of Arizona. Hugh M. Johnson, 
former assistant professor of astronomy 
at the State University of Iowa, has 
been appointed associate professor of 
astronomy and associate astronomer in 
the Steward Cbservatory. 


The following scientists received 
awards at the third Robert H. Goddard 
Memorial Dinner, held in Washington, 
D.C., in connection with the National 
Missile/Space Conference. 

Karel J. Bossart, of the Convair Di- 
vision of the General Dynamics Corp., 
received the Robert H. Goddard Me- 
morial Trophy. 

Richard B. Canright, chief of re- 
search for the Douglas Aircraft Co., 
received the Astronautics Engineer 
Achievement Award. 

Capt. Joe B. Jordan of the Air Re- 
search and Development Command of 
the Air Force received the Joy Aero- 
space Flight Award. 


Dale C. Cameron, director of the 
division of medical services of the Min- 
nesota Department of Public Welfare, 
has been recommissioned in the U.S. 
Public Health Service, with which he 
served from 1937 to 1954. He is as- 
signed to the training branch of the 
National Institute of Mental Health to 
conduct a study of mentai-health fa- 
cilities in Europe; later this year he 
will become assistant superintendent at 
St. Elizabeths Hospital, Washington, 
DiC. 


The following scientists have received 
the 1959 Borden Awards. The nine gold 
medals and $1000 prizes were admin- 
istered by the designated professional 
and scientific societies. 

The American Chemical Society se- 
lected Charles A. Zittle, head of fluid 
concentrates stability investigations at 
the Eastern Regional Research Lab- 
oratories of the U.S. Department of 
Agriculture, for his investigations of the 
stability of milk components. 

The American Dairy Science Asso- 
ciation named Marvin L. Speck, profes- 
sor of dairy bacteriology at North Caro- 
lina State College, for work on nutrition 
bacteria, and N. L. Van Demark, pro- 
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fessor of physiology in dairy science at 
the University of Illinois, for research 
on reproduction in dairy cattle. 

The American Home Economics As- 
sociation named Mary B. Patton, pro- 
fessor of home economics at Ohio State 
University, for a group of nutrition 
studies. 

The Association of American Medi- 
cal Colleges selected Theodore T. Puck, 
professor of biophysics at the Univer- 
sity of Colorado School of Medicine, for 
developing a method of cultivating and 
studying single mammalian cells. 

The American Institute of Nutrition 
named Harry Steenbock, emeritus pro- 
fessor of biochemistry at the Univer- 
sity of Wisconsin, for work in mineral 
metabolism and physiological chemistry. 

The American Academy of Pediatrics 
selected Harold C. Stuart, emeritus pro- 
fessor of maternal and child health at 
the Harvard School of Public Health, 
tor work on the growth patterns of in- 
fants and children. 

The Poultry Science Association 
named A. V. Nalbandov, professor of 
animal physiology at the University of 
Illinois, for work on the endocrinology 
of growth and reproduction in the fowl. 

The American Veterinary Medical 
Association selected Peter Olafson, pro- 
fessor of veterinary pathology and head 
of the department of pathology and 
bacteriology at the New York State 
Veterinary College of Cornell Univer- 
sity, for work on diseases of dairy cat- 
tle. 


Robert A. Bass has been named chief 
scientist for the Aerospace Division of 
Aeronca Manufacturing Corp., Balti- 
more, Md., to direct research in celes- 
tial mechanics and trajectory theory. 
Bass, who will be a U.S. delegate to 
the International Federation of Auto- 
matic Control Congress in July, has 
held research positions at Johns Hop- 
kins and Princeton universities. 


Leon R. Lezer, acting chairman of 
the department of preventive medicine 
at the College of Medicine of the Uni- 
versity of Vermont, is on leave on a 
Commonwealth Fellowship until 1 Sep- 
tember. 


Charles M. Mottley, director of mar- 
keting and operations research for Chas. 
Pfizer and Co., Inc., has joined the 
Stanford Research Institute, Menlo 
Park, Calif., as senior scientist and 
chairman of the planning board. 


Recent Deaths 


Roger W. Bledsoe, Gainesville, Fla.; 
52; botanist; associate director of the 
Florida Agricultural Experiment Sta- 
tion; 24 Jan. 

Ovid Butler, Washington, D.C.; 79; 
pioneer in forest conservation; execu- 
tive director of the American Forestry 
Association, and editor of its publica- 
tions, from 1923 to 1946; former presi- 
dent of the Society of American Forest- 
ers; 20 Feb. 

Winchell Craig, Rochester, Minn.; 
67; pioneer in neurosurgery; special as- 
sistant to the Secretary of Health, Edu- 
cation, and Welfare; head of the neuro- 
logical section of the Mayo Clinic from 
1946 to 1955; 12 Feb. 

Jerome B. Green, Bethesda, Md.; 61; 
physicist on the staff of the Operations 
Research Office of Johns Hopkins Uni- 
versity; former assistant chief of the re- 
search department of the Naval Ord- 
nance Laboratory; expert on spectros- 
copy; 27 Jan. 

Robert Hutchison, Streatley, Eng- 
land; 88; specialist in children’s dis- 
eases and on dyspepsia; former presi- 
dent of the Royal College of Physicians 
and the Royal Society of Medicine; 12 
Feb. 

Igor V. Kurchatov, Moscow, U.S.S.R.; 
57; physicist who helped develop the 
first Soviet atomic and hydrogen bombs; 
director of the Soviet Institute of Atomic 
Energy and a member of the Presidium 
of the U.S.S.R. Academy of Sciences; 
7 Feb. 

Henry Marshall, New York, N.Y.; 
69; oral surgeon; former assistant pro- 
fessor of oral surgery at the College of 
Dentistry of New York University; 18 
Feb. 

Ellsworth V. McAtee, Fairbanks, 
Alaska; 37; research physiologist at the 
Arctic Aeromedical Laboratory; 5 Feb. 

Samuel A. Mitchell, Bloomington, 
Ind.; 85; director emeritus of the Lean- 
der McCormick Observatory of the 
University of Virginia; authority on 
solar eclipses; pioneer in the computa- 
tion of star distances; 22 Feb. 

George Winchester, New Brunswick, 
N.J.; 85; head of the physics depart- 
ment at Rutgers University for 25 years 
and professor emeritus since 1946; re- 
cently did research on the ‘electrical 
properties of aluminum; 15 Feb. 


Erratum: Two figures in the tabular presenta- 
tion of AAAS membership [Science 131, 510 
(19 Feb. 1960)] were inaccurate. New members 
elected were 7883, not 7165; net increase dur- 
ing 1959 was 2142, not 1424. 
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The Tempter. Norbert Wiener. Random 
House, New York, 1959. 240 pp. 
$3.75. 


Norbert Wiener, ever the student of 
communications, has turned his cre- 
ative efforts to yet another form of 
this protean process. In his novel, The 
Tempter, he has tried to communicate 
to his readers a description of the com- 
plex interactions among science, engi- 
neering, and business and of the inti- 
mately related complex set of moral 
problems arising therefrom. Unhappily, 
there is so much noise mixed with the 
signals that it is difficult to decide just 
what message Wiener intended the 
reader to receive. . 

This is the story of Gregory James, 
written in the form of an extended 
autobiographical letter, or confessional, 
to the son of Mordecai Williams, James’ 
mentor and employer, who was also the 
head of the Williams Control Corpora- 
tion, with which James had been so 
closely identified. James records his rise 
from an immigrant “greenhorn” to 
chief engineer; during this process the 
success of James and of the firm is 
assured through an elaborate industrial 
version of the shell game. James recog- 
nizes the importance of a general theo- 
ty of controls developed, but not 
patented, by a crochety, independent, 
and poverty-stricken Englishman, who 
is also his friend. In order that Williams 
Controls can get the jump on its com- 
petitors, it must appear to own the 
patents for such ideas and their devel- 
opment. This is accomplished by feed- 
ing the ideas to Domingues, a vain, 
but aspiring, Mexican engineer on the 
campus of a small American college, 
who had been a college friend of James 
in Europe. Domingues’ talent for origi- 
nal thinking is limited, but his ability 
to embroider (and make his own) the 
thoughts of others is good. Meanwhile, 
the control concepts are developed into 
hardware by an imaginative engineer 
on the Williams Controls staff. Williams 
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Controls, with much fanfare, buys the 
ideas from Domingues, who patents 
them and gets all the publicity, while 
the staff engineer (quiet and unas- 
suming) gets a raise, and his younger 
engineering associates get disenchanted. 
The Englishman is offered a substantial 
sum, but, compared with that paid 
Domingues, trivial and he—naturally 
—rejects it. 

From time to time, James is con- 
cerned with the basic morality of his 
actions, but for him the possible im- 
moralities implied in my brief descrip- 
tion of the plot are balanced by his 
good intentions, his admiration for 
Williams, and his estimate of the re- 
quirements for loyalty to the firm to 
which he has committed himself (and 
which has done very well by him). He 
further explains his actions, if he does 
not excuse them—though the reader is 
not sure that this distinction is clear in 
the protagonist’s own mind—by admit- 
ting that he needs a comfortable stand- 
ard of life and that he enjoys participat- 
ing in the business of business (both of 
which, he presumes, derive from his 
comfortable childhood life as the son 
of a well-to-do Armenian rug seller and 
scholar). But at the end of the book, 
James is unhappy about the way things 
have turned out and about his part in 
them, and: the reader is unhappy with 
the quality of the insight and analysis 
Wiener has provided. This is especially 
so with regard to the protagonist’s 
limited exploration of the place of 
science and its special morality in those 
businesses which use the services of 
scientists and creative engineers. 

James implies that, with his later 
wisdom and hindsight, he would have 
done things differently had he been 
given another opportunity. But it is not 
at all clear to me what he would have 
done differently and, more important, 
why he would have done it. Given his 
conflicting set of values, one suspects 
that if James had followed an alternate 
set of decisions, he would have been 








unhappy with their outcome, too. He 
might have been truer to the values of 
friendship involved with the English- 
man and to the value of integrity be- 
tween scientists, but what then of his 
friendship for Williams and his esti- 
mate of the validity of a business-engi- 
neering value system which he accepted 
and which many scientists find most 
useful, both for the standard of living 
it provides and for the opportunity of 
extending science it affords. 

Wiener’s public statements and es- 
says, as well as his choice of plot and 
preoccupation in this novel, have made 
it abundantly clear that the moral prob- 
lems posed are profoundly important 
ones to him. As such, one could hope 
for an outspoken and insightful study 
of these problems, developed in ways 
which Wiener, with his experience and 
integrity, may very well be uniquely 
qualified to perform. These are, of 
course, tough (and perhaps insoluble) 
problems, and Wiener has certainly 
done a service by pointing out, to those 
readers who have accepted the prevalent 
public-relations image of science and 
engineering, that these problems of 
morality also plague those businesses 
and personalities that use and are used 
by scientists and engineers. (And he 
does demonstrate the role of our archaic 
patent system in these problems.) 

Nevertheless, Wiener does not give 
the reader the basis for resolving these 
moral dilemmas, nor does he consider 
them in general and specific forms with 
sufficient depth to enhance substan- 
tially the reader’s capacity for his own 
fruitful exploration of the dilemmas 
posed. 

DoNALD N. MICHAEL 
Brookings Institution, 
Washington, D.C. 


Administration and Policy-Making in 
Education. John Walton. Johns Hop- 
kins Press, Baltimore, Md., 1959. 207 
pp. $5. 


Administration and Policy-Making in 
Education is no handbook of adminis- 
trative practices or manual of manage- 
ment procedures. Its theme is at the 
theoretical level. Policy-making, ob- 
serves Walton, is not done by adminis- 
trators or by scholars, but by the people 
and their legislative representatives 
(page 77). Consistent with this, he 
thinks of community surveys and citi- 
zens’ committees as means of ascertain- 
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ing and developing the popular con- 
sensus (page 84). 
Cognizant of the smothering bureauc- 


racy that characterizes large enter- 
prises, Walton quotes with approval 
Rickover’s sapient sentence, “Somehow 
every organization must make room for 
inner-directed, obstreperous, creative 
people; sworn enemies of routine and 
the status quo, always ready to upset 
the applecart by thinking up new and 
better ways of doing things” (page 196). 
How? Let the housekeeping and book- 
keeping functions of education be 
routinized and performed by personnel 
for whom routine is not uncongenial. 
Even in the educational program a cer- 
tain precision of scheduling is indispen- 
sable, but this “may give the organiza- 
tion enough stability to allow a great 
deal of freedom in the pursuit of non- 
routine undertakings if the distinction 
between the two is recognized.” Once 
the organizational necessities are met, 
the temptation to subject all additional 
activities to them should be resisted. 

It is administratively necessary to as- 
sign classes, a room, and a time schedule 
to each teacher; but it is not administra- 
tively imperative to assign him a meth- 
odology of teaching that corresponds to 
the method used by every teacher in the 
school. “Freedom of method, particular- 
ly with intelligent, experienced, and 
educated teachers, would lift an un- 
necessary burden from the educative 
process and allow for greater originality, 
imagination, and creativity.” These need 
to be fostered, and a certain quality of 
parsimony (not in a pecuniary sense!) 
of administration cah contribute to that 
end. Walton’s conceptions of the role of 
administration seem to me to be correct 
and well-stated. 

M. M. CHAMBERS 
Center for the Study of Higher 
Education, University of Michigan 


George Catlin and the Old Frontier. 
Harold McCracken. Dial Press, New 
York, 1959. 266 pp. Illus. $18.50. 

George Catlin, Episodes from Life 
among the Indians and Last Ram- 
bles. Marvin C. Ross, Ed. University 
of Oklahoma Press, Norman, 1959. 
354 pp. Illus. $12.50. 


George Catlin, the mid-19th century 
painter of our Western Indians, who 
gave us important recorded data about 
his observations among these people, 
has been much neglected for the last 
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century. For a brief interval in the 
1830’s and 1840’s he was greatly ac- 
claimed in the United States and in 
Europe. Later his materials were pla- 
giarized, and interest in his works died 
out, except among a few Indian spe- 
cialists. 

With discriminating judgment Harold 
McCracken, one of the foremost au- 
thorities on the paintings of the Amer- 
ican West, has picked pertinent pas- 
sages from Catlin’s five books about 
the Indians and, with infinite adroitness, 
has woven among them his own ar- 
rangements of important supporting 
data to give a succinct summary of 
Catlin’s dominating experiences with 
the North American Indians. 

Much of the lack of appreciation of 
Catlin’s work resulted from the incred- 
ibly poor illustrations reproduced in 
his books. McCracken has made a most 
important contribution to rescuing Cat- 
lin from obscurity by accompanying 
the text with the first major gallery 
of accurate reproductions—165 plates, 
many previously unpublished, 36 in ex- 
cellent color. Good reference notes, 
bibliography, and index are included, 
but not the useful, original Catlin num- 
bers. 

Although this book gives a good in- 
sight into the individual character of 
Catlin’s Indian paintings, it provides 
little interpretation of the artist’s per- 
sonal life. 

The Ross book is entirely an editorial 
project which does not furnish any 
original research data about Catlin. 
However, it does make several useful 
contributions to information concern- 
ing the artist’s work. The foremost of 
these is that it brings into print 150 
reproductions of paintings, most of 
them hitherto unpublished. The ones 
wisely chosen are from the Cartoon 
collection, which were apparently 
painted in the field; in contrast, the 
others were painted in the studio. The 
fine printing on coated paper has 
brought out very well the quality of the 
original paintings. 

The second contribution is the use, 
for the first time, of all the available 
paintings made during Catlin’s trips to 
South America in the 1850's. A third 
useful contribution (one that makes 
reference to them much easier) is the 
proper arrangement, by tribal area, of 
the landscapes with the portraits. Ross 
has also included the original painting 
numbers, a bibliography, and a thor- 
ough index. 

The editor has failed to exercise any 


critical analysis or judgment in select- 
ing the materials used—for example, 
the illustration (No. 100) of the Aleu- 
tian Islanders dressed in Plains Indian 
costume; and he did not bother to give 
the modern equivalents of the tribal 
names used by Catlin. It is indeed for- 
tunate that the book supplements rath- 
er than overlaps the much more schol- 
arly McCracken volume. 

ROBERT A. ELDER, JR. 
Division of Ethnology, U.S. National 
Museum, Smithsonian Institution 


American Handbook of Psychiatry. vol. 
1 and vol. 2. Silvano Arieti, Ed. 
Basic Books, New York, 1959. 2098 
pp. $25. 


It is with tongue in cheek that one 
writes a brief review of a work of two 
volumes (2000 pages), weighing almost 
10 pounds, and written by 111 authors. 
The first volume contains seven parts 
with 49 subsections, each of which is a 
separate article. The second volume has 
eight parts with 50 articles. Some of the 
articles have more than one author. 
The industry of the editor and the edi- 
torial board inspires awe. 

The books represent, to use the 
words of the chief editor, “a serious 
effort on the part of the authors to 
present the development, concepts, 
trends, techniques, problems and pros- 
pects of psychiatry today, in a form 
useful for both the expert and the be- 
ginner, in which every leading school 
of thought and every major approach 
is included.” He adds further along in 
the preface, “Each author was re- 
quested to cover his special field; he 
was free to express his personal point 
of view, but he was asked also to pre- 
sent alternative conceptions and to re- 
duce his private terminology to a mini- 
mum, or to define it immediately.” 

In the face of goals this ambitious 
and in a field wherein facts are few and 
opinions many, it truly is surprising 
how closely the editors and the authors 
have approached at first try what they 
had in mind. While a few of the ar- 
ticles are not up to the general standard 
and appear to have been written in 
haste, most of them would rate good 
to excellent. Most of the authors have 
taken the pains to include an ample 
bibliography on their topics, and _ this 
adds greatly to the value of the books. 

The Handbook, first of all, can be 
thought of as a textbook of psychiatry. 
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While it might find some utility in this 
role, it is doubtful that it can compete 
successfully with well-established texts 
because of its cost, size, and general for- 
mat. It is the data added to the usual 
psychiatric text that gives the book a 
uniqueness and value of its own. One 
hesitates to single out for mention any 
individual authors from among so 
many, but the serious postgraduate 
student of psychiatry, whatever his pro- 
fessional or educational background, 
will discover a number of unusual 
articles in the Handbook. For example, 
to duplicate the material on neuras- 
thenia and hypochondriasis (two fuzzy 
areas, to say the least), hysteria, 
phobic reactions, and the obsessive- 
compulsive disorders would require a 
great deal of time in a library. The 
chapters on sexual disfunction in men 
and in women contain one of the best 
discussions on impotence and frigidity 
of which I am aware. The paper on 
body image brings up-to-date the think- 
ing of one of the few experts in this 
field. The part concerned with lan- 
guage, speech, and communication is 
noteworthy. The organic disorders are 
well covered; there is an _ interesting 
chapter (by six authors) on the rela+ 
tionships between basic medical sci- 
ences and experimental psychiatry. 

I recommend the Handbook for any 
serious student of psychiatry who is 
working at the post-graduate level. 

DONALD W. HAsTINGs 
University of Minnesota Medical School 


Publishing in the U.S.S.R. Indiana 
University Publications. Slavic and 
East European Series, vol. 19. Boris 
I. Gorokhoff. Indiana University, 
Bloomington, 1959. xvi + 306 pp. $3. 


It is generally accepted that there is a 
relationship between the volume of pub- 
lishing and sales of books and serials 
and the cultural and technological level 
of a given country. The relationship be- 
tween publishing and the known up- 
surge of Russian intellectual endeavor, 
with its emphasis on science and tech- 
nology, is well illustrated in this first 
comprehensive treatise on publishing in 
the U.S.S.R. 

Boris I. Gorokhoff, a staff member of 
the Slavic and Central European divi- 
sion of the Library of Congress, points 
out that 59,000 books and pamphlets, 
about 3000 serials, and approximately 
9900 newspapers were published in the 
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U.S.S.R. in 1957. In 1958, the total 
volume of book publishing rose to al- 
most 64,000, while the number of 
serials increased to 3800, and news- 
papers exceeded 10,000. Even if we 
consider the fact that these over-all 
figures include pamphlets, instructions 
booklets, “agitators’ notebooks,” and 
much other ephemera, these data still 
project an impressive picture. 

Books in the fields of science and 
technology, including agriculture and 
medicine, accounted for 33,000 titles, 
or 56 percent, of the total number of 
books produced in 1957; in the same 
year, serials in the same fields totaled 
1600 titles, or 53 percent of the total 
number of serials published. Industrial 
and agricultural newspapers totaled 110 
titles. 

A sizable portion of the study is de- 
voted to Soviet scientific and technical 
publishing. Several sections of chapter 
2, “Types of books published,” deal 
with scientific and technical disserta- 
tions, patents, and standards. Chapter 7 
presents a good cross-section of the 
publishing “network” and emphasizes 
the organizational aspects of technical 
publishing and of the dissemination of 
technical information. These well-co- 
ordinated activities are mostly carried 
out under the auspices of the various 
academies of sciences and pertinent 
ministries, “committees,” and institutes. 
Scientific documentation (for example, 
abstracting and indexing, reviews and 
translations of foreign literature) is the 
principal topic of chapter 8. Other 
chapters acquaint the reader with Soviet 
censorship laws, the copyright and 
royalty system, and the economic and 
production facets of the publishing and 
book trade. 

The differences between publishing 
practices and statistics in the United 
States and the Soviet Union, not to 
mention the policies and philosophies 
that shape such practices, are well 
characterized in the author’s “Con- 
clusions,” where we read: “In the United 
‘States publishing operates on a laissez- 
faire basis, free of any centralized con- 
trol . . .; in the U.S.S.R. control from 
the top is a basic feature of the pub- 
lishing program. . . . [the] underlying 
basis [of the program] is the promotion 
of the country’s industrial develop- 
ment.” In reference to the statistical 
aspects of publishing, the author finds 
that “the principal difference [between] 
the two countries is that books receive 
a greater emphasis quantitatively in 
the U.S.S.R. at the expense of journals 





and newspapers. Consequently, while 
the publishing facilities of the U.S.S.R. 
are much more limited (despite its 
larger population), books come much 
closer to matching the United States 
totals than do periodicals and news- 
papers.” 

Within the framework of a brief re- 
view, it is not possible to list all the in- 
teresting points of this very useful com- 
pilation. The work that has gone into 
the writing of this comprehensive “first” 
on Soviet publishing will make it a use- 
ful reference tool for students of Soviet 
affairs, scientists, and librarians. Boris 
Gorokhoff’s book, along with Paul 
Horecky’s companion volume, Libraries 
and Bibliographic Centers in the Soviet 
Union, should be required reading for 
courses in library reference, documenta- 
tion, and publishing. 

T. W. MarTon 
Library, National Bureau of Standards, 
Washington, D.C. 


The Viruses. Biochemical, biological, 
and biophysical properties. vol. 1, 
General Virology. F. M. Burnet and 
W. M. Stanley, Eds. Academic Press, 
New York, 1959. xvii + 609 pp. 
Illus. $16.50. 


This is the first in a series of three 
volumes edited by Burnet and Stanley; 
the other two bear the subtitles Plant 
and Bacterial Viruses and Animal 
Viruses. In the words of the editors, 
“The present work was designed to pro- 
vide a relatively comprehensive account 
of current knowledge of viruses re- 
garded, not as agents of disease, but as 
biological entities whose properties can 
be studied in the laboratory by the 
methods of experimental biochemistry, 
biology, and biophysics.” 

Volume 1, General Virology, opens 
with a brief introductory chapter by 
Burnet and Stanley on the basic philoso- 
phy of virus research. This chapter is 
followed by Cohen’s detailed discussion 
of the structure and chemistry of the 
host cell, with special emphasis on the 
synthesis of macromolecules. Attention 
is then given to the physical, chemical, 
and biological properties of virus 
particles. General discussions are con- 
tributed by Schachman and Williams 
(on physical properties), Schwerdt (on 
the relation between particle count and 
biological function), Gard and Maalge 
(on inactivation), and Burnet (on im- 
munological properties); Fraenkel-Con- 
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rat, Evans, Schafer, and Bergold con- 
sider the comparative chemistry of 


plant, bacterial, animal, and_ insect 
viruses, respectively. The volume closes 
with Luria’s comparative survey of the 
interaction of host cell and infective 
particle in virus multiplication. 

When the science of virology has 
progressed to a point where 13 different 
authorities are required to produce a 
single volume on general virology, the 
comments of a single reviewer on their 
efforts seem almost ridiculous. I will 
make myself no more ridiculous than 
necessary by simply observing that this 
encyclopedic treatise on viruses is the 
most ambitious yet attempted and will 
probably be without rival for many 
years. Its appearance at a time when 
the study of viruses is assuming a cen- 
tral role in biological research should 
stimulate both the initiation of new 
work and the critical reappraisal of 
present results and objectives. 

JAMES W. MOULDER 
Department of Microbiology, 
University of Chicago 


Science and Civilisation in China. vol. 
3, Mathematics and the Sciences of 
the Heavens and the Earth. Joseph 
Needham and Wang Ling. Cambridge 
University Press, New York, 1959. 
xlvii + 877 pp. Illus. + plates. 
$27.50. 


This third volume deals with the his- 
tory of Chinese science in a number of 
particular fields—mathematics, astron- 
omy, geography and cartography, ge- 
ology, seismology, and mineralogy—and 
gives very profuse documentation from 
Chinese sources. Chinese developments 
are compared with those of Europe, In- 
dia, and the Arab world during the same 
periods, and there is discussion of pos- 
sible influences of one civilization on 
another. 

In mathematics the concept of zero, 
in the sense of leaving a blank space 
on the counting board for some par- 
ticular power of ten, is traced to at 
least the 4th century B.c., although the 
use of an actual symbol for zero came 
very much later. Negative numbers, 
which did not appear in Indian mathe- 
matics until the 7th century A.D., were 
used by Chinese mathematicians in the 
lst century B.c. Compared with the 
Greeks, Chinese mathematicians were 
not so much interested in questions of 
rigorous proof and were interested in 
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algebra rather than in geometry. How- 


ever, a largely independent Chinese de- . 


velopment of mathematics remained, in 
some respects, ahead of Western de- 
velopment until at least the 14th cen- 
tury. A value of 7 calculated in the 5th 
century was more accurate than any 
European calculation made before the 
end of the 16th century. 

In China, astronomy was always of- 
ficially supported because of the im- 
portance attached to the calendar and 
to astrology. Influences from India and 
the Arab world can be traced. There 
was a great deal of observation and 
star mapping, based on equatorial co- 
ordinates and the development of pre- 
telescopic instruments, including elabo- 
rate water clocks, but comparatively 
little was done on the problem of 
planetary motion. 

In both mathematics and astronomy 
there was a marked decline under the 
Ming dynasty (from 1368). The Jesuits, 
who reached China at the end of the 
16th century, underestimated indige- 
nous Chinese science because, by that 
time, a good deal had been forgotten. 

Map making reached a high point in 
the 12th century, but most of the other 
sciences discussed do not seem to have 
got beyond the recording of observa- 
tions and purely speculative theorizing. 

There is a short section speculating 
on the failure of China to develop mod- 
ern science. “Apparently a mercantile 
culture alone was able to do what 
agrarian bureaucratic civilisation could 
not—bring to fusion point the forinerly 
separated disciplines of mathematics 
and nature knowledge” (page 168). 
The arguments for this conclusion seem 
cogent, and research on the reasons for 
the actual decline of science during the 
Ming dynasty might yield more and 
interesting evidence. 

LINDSAY OF BIRKER 
American University, 
Washington, D.C. 


New Books 


The Alkaloids. vol. 6, Chemistry and 
Physiology. Supplement to vols. 1 and 2. 
R. H. F. Manske, Ed. Academic Press, 
New York, 1960. 454 pp. $14. 

Biological Problems of Grafting. A 
symposium. P. B. Medawar, Chairman. 
Thomas, Springfield, Ill., 1959. 465 pp. 
$12.50. The symposium, sponsored jointly 
by the University of Liége and the Council 
for International Organizations of Medical 
Sciences, was held in Liége, Belgium, 18- 
21 March 1959. 


Industrial Electronics and Control. 
Royce G. Kloeffler. Wiley, New York; 
Chapman and Hall, London, ed. 2, 1960. 
549 pp. $10. 

An Introduction to Animal Husbandry 
in the Tropics. G. Williamson and W. J. A. 
Payne. Longmans, Green, New York, 1959. 
454 pp. 48s. 

An Introduction to Social Biology. Alan 
Dale. Thomas, Springfield, Ill., ed. 3 (re- 
printed with revisions), 1959. 442 pp. 
$6.50. 

Men and Moments in the. History of 
Science. Herbert M. Evans, Ed. Univ. of 
Washington Press, Seattle, 1959. 234 pp. 
$4.50. 

Standard Handbook for Telescope Mak- 
ing. N. E. Howard. Crowell, New York, 
1959. 336 pp. $5.95. 

Statistical Independence in Probability, 
Analysis and Number Theory. Mark Kac., 
Wiley, New York, 1959. 104 pp. $3. 

Structural Methods for the Explora- 
tion Geologist. Peter C. Badgley. Harper, 
New York, 1959. 295 pp. $7.50. 

Telemetering Systems. Perry A. Borden 
and Wilfrid J. Mayo-Wells. Reinhold, New 
York; Chapman and Hall, London, 1959, 
358 pp. $8.50. 

Thermodynamics. An introduction to the 
physical theories of equilibrium thermo- 
statics and irreversible thermodynamics. 
Herbert B. Callen. Wiley, New York, 
1960. 391 pp. $8.75. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed not to Science, but to the publisher or 
agency sponsoring the publication.) 


Antibiotics in Medicine. No. 1, vol. 16, 
British Medical Bulletin. Medical Dept. 
British Council, London, 1959. 88 pp. 
$3.25; 

Carnegie Institution of Washington, 
Yearbook, 1958. 511 pp. $1. 

Fishhooks. Special Publ. No. 47. Ken- 
neth P. Emory, William J. Bonk, Yosihiko 
H. Sinoto. Bernice P. Bishop Museum 
Press, Honolulu, 1959. 45 pp. $2.50. 

Gnotobiotic Technology, Proceedings of 
the Second Symposium. Held at the Uni- 
versity of Notre Dame, 8-9 May 1959. 
Philip C. Trexler, Chairman. Univ. of 
Notre Dame Press, Notre Dame, Ind., 
1960. 194 pp. $5. 

Handbook of Pottery Types of Nayarit, 
Mexico. Misc. Papers, Archaeological Ser. 
No. 1. George E. Fay. Dept. of Sociology 
and Anthropology, Southern State College, 
Magnolia, Ark., 1960. 50 pp. 

Heat Transfer, Chicago. Chemical En- 
gineering Progress Symp. Ser. No. 29, vol. 
55. American Institute of Chemical Engi- 
neers. New York, 1959. 216 pp. 

Liberal Education and Nursing. Charles 
H. Russell. Teachers College, Columbia 
Univ., New York, 1959. 152 pp. $3. 

Proceedings of the United. States Na- 
tional Museum. vol. 109, Marine Mollusca 
of Point Barrow, Alaska, Nettie Mac- 
Ginitie, 150 pp.; vol. 110, A Revision of 
American Bats of the Genera Euderma 
and Plecotus, Charles O. Handley, Jr., 
142 pp. Smithsonian Institution, Wash- 
ington, D.C., 1959. 
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Zinc-65 and Zirconium-95 in Food 


Abstract. Zinc-65 has been found in 
small amounts in muscle and liver samples 
obtained from cattle raised in Nevada, and 
also in commercial hamburger and beef 
liver from the southwestern area. Zir- 
conium-95 and niobium-95 were found in 
the liver samples but not in the muscle 
or hamburger. A trace of zinc-65 was 
detected in milk but none in people. 


Zinc-65, while not a fission product, 
is produced by neutron interaction with 
stable zinc in both bomb tests and re- 
actors. It has been found in people and 
aquatic organisms exposed to intense 
fallout (7) and in farm produce and 
animals obtained from an irrigated area 
about 30 mi downstream from the 
Hanford Project (2). It has been de- 
tected also in cyclotron workers ex- 
posed to Zn** produced by (d, 2n) 
reaction on copper-65 in the dees (3). 
These are special cases involving spe- 
cific local exposure conditions. 

This isotope has now been detected 
(4) in muscle and liver samples from 
cattle raised in Nevada, and also in 
commercial hamburger (lean ground 
beef shoulder) and beef liver from the 
southwestern area. Zirconium-95 and 
niobium-95, a fission-product pair very 
common in fallout, were also detected 
in the Nevada and locally procured 
liver samples, but not in the muscle or 
hamburger. Examination of milk sam- 
ples from two areas of relatively high 
fallout (northwest Washington and 
Louisiana, May 1959) showed little or 
no Zn®>, Careful measurement of two 
people at this laboratory failed to reveal 
anything but the usual Cs'*? and K*°. 

The results on the beef liver and 
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Reports 


hamburger obtained locally are given 
in Table 1. The amount measured in 
each case was 75 Ib. The sample was 
arranged adjacent to the face and 
cylindrical sides of a 9% by 6 in. Nal 
(T1) crystal in a large steel room de- 
signed for measurement of the gamma- 
ray spectra of people (5). The milk 
samples (50 lb of nonfat dry milk 
solids) were measured in a similar way. 
The Washington sample showed a 
barely measurable Zn® concentration 
(about 40 puc/kg of powdered milk, or 
about 4 pyc/kg of reconstituted liquid 
milk), while none could be detected in 
the Louisiana sample. While these 
samples had normal potassium content 
(about 18 gm/kg of powdered milk), 
the Cs!87 content was elevated (200 to 
300 uuc/gm of potassium). 

The two people who were measured 
had average Cs'8? and K*° concentra- 
tions. They were measured at the same 
time, -lying prone, side by side, with the 
9% by 6 in. Nal (T1) crystal just over 
the center of the thigh region. It was 
felt that in this way the crystal would 
be closest to a large muscle mass. A 
1-hour measurement showed that if any 
Zn°> were present, the amount was less 
than about 6 pyuc/kg. 

The fact that small amounts of Zn*® 
appear in cattle should not be surpris- 
ing. It is known that this radionuclide 
is absorbed with high efficiency from 
the gastrointestinal tract of cows (6); 
total urinary and fecal excretion in the 
first 4 days was about 25 percent. 
Measurements at this laboratory (7) of 
Zn** retention in people after oral in- 
gestion showed that most of the isotope 
is absorbed, and retention ranged from 
50 to 80 percent (after correction for 
physical decay) several months after 
ingestion. In the case of the very heavy 
fallout in the Marshall Islands after the 
thermonuclear detonation of March 
1954, Zn*®> and Cs'** were found (/) 
in the Rongelap residents in roughly 
equal amounts (ranging up to 0.5 yc). 
Thus, large quantities of Zn®* can be 
produced in bomb tests, and its entry 
into cattle and people is to be expected. 
It will not be surprising if more exten- 
sive measurements now or in the near 
future reveal small amounts in people. 

The National Bureau of Standards 





Handbook No. 69 (issued 5 June 1959) 
lists the maximum permissible body 
burden of Zn*> for occupational ex- 
posure as 60 ue. This is double the 
current value for the maximum per- 
missible body burden of Cs'37. Since 
the whole body seems to be the critical 
organ for both radioisotopes, the 
amount of Zn** appearing in foods is 
considerably less significant than cur- 
rent Cs137 levels. 

Zinc-65 is known to appear in the 
milk of cows exposed to this radio- 
isotope (2, 6); however, we find its con- 
tent in milk to be an order of magni- 
tude or more below its content in meat. 
It should be noted that the milk sam- 
ples were obtained from different places 
than the meat, which comes from the 
southwestern area (mainly Texas, Okla- 
homa, New Mexico, and Colorado). 
In addition, Zn®> production may not 
be well correlated with the formation of 
fission products, since the former is the 
result of neutron interaction with stable 
zinc in bomb parts or the surroundings, 
or both. Thus, it is possible that the 
milk received its radioactivity from 
faliout with a low Zn**/Cs'87 ratio, 
while the meat represents fallout with 
a high ratio. This point is being in- 
vestigated further. 

Radioactive cerium, ruthenium, and 
zirconium are abundantly produced in 
fission and are prominent in ordinary 
dust and dirt. Grazing animals ingest 
large amounts of them (4) as foliar 
contamination. It is reasonable to ex- 
pect levels of these radionuclides in the 
tissues of grazing animals in proportion 
to their gastrointestinal absorption and 
body retention. Current work at this 
laboratory (8) indicates that absorption 
of Zr®> and Nb® by rats is about 2 
percent of the ingested dose. Absorp- 
tion of Cel44 and Ru!, however, is 
an order of magnitude less. Retention 
of absorbed zirconium and niobium is 
nearly 100 percent. The liver is a major 
organ of deposition. Expected levels 
in milk and people would be much 
reduced because of the large discrimina- 
tion factors that exist at each step up 
the food chain. 

As more radioactivity is introduced 
into the environment and more sensitive 
methods of measurement are developed, 
the detection of these and other inter- 
mediate- and long-lived radioisotopes in 


Table 1. Approximate radioactivity of beef liver 
and hamburger (lean ground beef shoulder) 
obtained locally (Los Alamos). 


Radioactivity (uuc/kg) x 


Sample 3137 (gm /kg) 





Znés Zr?s 





Beef liver 50 30 180 2.8 
Hamburger 30 <6 200 23 





various foods, in animals, and in man 
may be expected. Their mere detection 
is not necessarily cause for alarm. The 
important point is to be able to measure 
their levels in the biosphere in order to 
assure the safe development and use of 
nuclear energy (9). 

MARVIN A. VAN DILLA 
Los Alamos Scientific Laboratory, 
University of California, 
Los Alamos, New Mexico 
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Use of Long-Chain Polymers in 
Preparation of Soil 
Extracts for Soil Testing 


Abstract. A method is described for the 
preparation of soil extracts for analysis 
which eliminates filtration. The procedure 
is based on the flocculating characteristics 
of very small amounts of polyacrylamides 
on inorganic and organic colloids. Amounts 
of plant nutrients extracted from soils by 
this method compare favorably with those 
obtained in filtered soil extracts. 


The use of long-chain polymers 
(polyacrylamides) as flocculating agents 
in industrial processes has been de- 
scribed by Booth, Carpenter, and Hart- 
jens (7) and by Linke and Booth (2). 
The application of this principle to soil- 
testing procedures appeared worthy of 
trial, in an effort to eliminate filtration 
in the preparation of soil extracts for 
the determination of inorganic nutrient 
elements available for plant growth. 


Table 1. Comparison of results of analyses of 
soil extracts prepared by the method of the 
Pennsylvania Soil Testing Laboratory (PSTL) 
and by the new method (5). 











p* Kt 

Method Item (Ib /acre) (Ib /acre) 
PSTL :g 11.3 162 
New x 11.3 164 

t 0? 1.050% 

df 28 65 

r 9958§ -9920§ 
*N = 30. 67 t Not significant. § Sig- 


. tN = 67, 
nificant at the .001 level. 
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Generally, extracts of soil samples 
are prepared by shaking the soil with an 
extracting solution or solvent, then 
filtering. A satisfactory extract is not 
always obtained by this method; filter- 
ing is often slow, and the resulting 
filtrate may be cloudy, thus interfering 
with subsequent analytical determina- 
tions. 

Preliminary tests indicated that small 
amounts of commercially available 
long-chain polymers are highly effective 
in producing a clear supernatant ex- 
tract of soils when the polymers are 
added to the usual extracting mediums. 
Under these conditions the flocculated 
soil samples would usually settle in 2 to 
3 minutes, producing an extract superior 
to that obtained by filtration. 

Tests with Superfloc 16 were good 
with soils high in clay, but a slight 
cloudiness resulted when the organic 
matter of the soil was high. Aerofioc 
3171 gave the opposite results with 
these soils, but the use of equal amounts 
of the two polymers in the extracting 
solutions resulted in a highly satisfac- 
tory extract with both types of soils. 

Numerous tests were made to deter- 
mine the most satisfactory ratio of poly- 
mer to soil, and in general 0.5 mg to 
5.0 gm of soil, or 1 part of polymer to 
10,000 parts of soil, was found to give 
best results for routine work. 

The procedure consisted first, of dis- 
solving 0.25 gm of Superfioc 16 and 
an equal amount of Aerofloc 3171 in 
500 ml of 0.753N sodium acetate solu- 
tion adjusted to a pH of 4.8. The poly- 
mers dissolve in the acetate solution 
readily if they are mixed and slowly 
added to the acetate while it is being 
stirred by a mechanical stirrer. When 
all the polymers were dissolved, the 
solution was diluted to 1 lit. with the 
acetate. Then 416 mi of this solution 
was added to 20 lit. of 0.753N sodium 
acetate, and mixed. The resulting ex- 
tracting solution was designated solu- 
tion A and contained 0.25 mg of mixed 
polymers per 24 ml. 

An additional solution was prepared 
by diluting 400 ml of the solution of 
mixed polymers to 800 ml with the 
0.753N sodium acetate. This solution 
was designated solution B; 1 ml con- 
tained 0.25 mg of mixed polymers. 

The soil extract was prepared by 
weighing or measuring 5 gm of a 20- 
mesh, air-dry soil sample into a 50-ml 
Erlenmeyer flask containing 24 ml of 
the extracting solution A. The flask 
was shaken gently in a mechanical 
shaker for 5 minutes, 1 ml of solution 
B was added, and shaking was con- 
tinued for exactly 30 seconds. The flask 
was removed from the shaker and 
allowed to stand a few minutes before 
aliquots for analysis were taken with 
an automatic pipet; care was exercised 
not to disturb the soil sample in the 


bottom of the flask when the sample 
was taken. 

The soil sample must always be 
added to the extracting solution— 
never the reverse. 

When a cloudy extract was obtained 
in the procedure described above, 1 ml 
of solution B was added, and the mix- 
ture was shaken gently for a few sec- 
onds. A clear solution was usually 
obtained in this manner. 

Extracts from a number of miscel- 
laneous soils were prepared for analysis 
of phosphorus and potassium by the 
usual method in the Pennsylvania Soil 
Testing Laboratory and by the new 
polymer method. To increase the ac- 
curacy of the phosphorus determination, 
soil samples were weighed instead of 
measured. In all, 30 samples of soil 
with a phosphorus content ranging from 
2 to 55 lb/acre were analyzed. A 
modified Deniges (3) procedure was 
used to develop color intensities, the 
colors being measured in a Bausch and 
Lomb No. 20 colorimeter, with matched 
tubes. 

Potassium was determined in 67 soils 
containing from 30 to 325 Ib of potas- 
sium per acre. The determination was 
carried out by means of a Perkin-Elmer 
flame photometer, with lithium chloride 
as an internal standard. The results are 
presented in Table 1, with appropriate 
statistical analysis. 

The data included in Table 1 indi- 
cate that there is an extremely high 
correlation between the amounts of 
phosphorus and potassium found in the 
extracts prepared by these two pro- 
cedures. Of particular interest is the 
fact that no phosphorus was occluded 
in the flocculated soil when the mixed 
polymers were added to the extracting 
solution. These results show that soil 
extracts prepared by this suggested pro- 
cedure are as satisfactory for analysis 
as those prepared by filtering, and 
there are the added advantages that no 
filtering or refiltering is required, ex- 
tracts are prepared more rapidly, and 
considerable cleaning of glassware is 
eliminated. 

Tests were conducted with mixed 
polymers in distilled water, with nor- 
mal neutral ammonium acetate, and 
with Bray’s solution as extracting solu- 
tions, and satisfactory soil extracts were 
obtained, but no analyses of extracts 
were undertaken (4). 

C. D. JEFFRIES 
R. J. THOMAS 
Department of Agronomy, 
Pennsylvania State University, 
University Park, Pennsylvania 
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Differential Thermal Study 
of Pyrosynthesis 


Abstract. Equipment is described which 
provides a thermal record of the synthesis 
of sulfides and related minerals contained 
in easily constructed tubular glass vials. As 
an example, a temperature curve for the 
synthesis of galena (PbS) is given. Similarly 
derived temperatures of formation for eight 
other synthetic sulfides and selenides are 
reported. 


The differential thermal analysis 
technique may be modified to provide 
information concerning the temperature 
at which crystallization takes place and 
at which other fundamental heat 
changes occur during mineral synthesis.: 
A modification of equipment has been 
developed which provides a continuous 
differential record of exothermic and 
endothermic reactions as the tempera- 
ture of a mixture of the components of 
a desired synthetic compound is in- 
creased at a linear rate. A record is 
obtained of the temperature, the magni- 
tude, and the relative reaction rate of 
those physical-chemical processes which 
tend to give off or absorb heat. Among 
these processes are fusion, crystalliza- 
tion, chemical combination, dissocia- 
tion, and the inversion of one structure 
to another. The equipment yields a 
continuous observable record during 
heating as well as cooling; this makes 
it possible to interrupt the cycle at any 
desired point for quenching, in order 
to study particular phases. 

The apparatus (Fig. 1) consists of a 
thermal head containing Chromel- 
Alumel thermocouples and_ thermal 
wells which will accept sealed specimen 
vials of glass tubing 6 mm in diameter. 
A thermocouple is placed in a recess 
at one end of a tube, as shown in the 
sectional drawing. The recess is formed 
in the tube while one end still remains 
open and before the constituents are 
inserted. A dummy thermocouple is 
pressed against the end of the heated 
tube, forming a small depression into 
which an active thermocouple may be 
inserted. 

The tubular sample vials are made 
of Pyrex, Vycor, or fused quartz, de- 
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pending upon the terminal temperature 
required for the experiment. Each vial 
is evacuated by a mechanical vacuum 
pump during final sealing in order to 
guard against oxidation of the compo- 
nents. The space between the vials and 
the head metal is filled with 60-mesh 
Alundum in order to improve the 
thermal contact between the walls and 
the material in the vials. In this way, 
an attempt is made to provide an even, 
but still slightly incomplete, temperature 
flow between the thermal head and the 
constituents in the vial. Since the 
thermal conductivity of the Alundum 
is less than that of the metal head, the 
Alundum serves to prevent the mass 
of the head from masking the tem- 
perature effects produced in the vial. 
Although the thermal contact at the 
end of the tube between the thermo- 
couple and the sample is relatively 
small, it has proved adequate to pro- 
duce effective differential thermal rec- 
ords. 

A similar thermal technique was de- 
scribed by Jensen (/) for the study of 
fusion points. However, the double 
tubes required in his work were found 
unnecessary in this study, and the fabri- 
cation of vials was simplified. 

The instrumentation adopted was de- 
veloped from differential thermal analy- 
sis equipment described by Kerr and 
Kulp (2) for work with clay minerals 
and related species. The major com- 
ponents consist of a 4000-watt electrical 
furnace; a program controller capable 
of maintaining a linear heating or 
cooling rate; a direct-current preampli- 
fier for the differential thermocouples; 
and recorders for electromotive force 
and temperature. 


The program controller has a two- 
position proportional section which pro- 
vides a linear heating or cooling rate 
of 12.5°C/min from room temperature 
to 1050°C. A continuous furnace in- 
put produces a heating rate of approxi- 
mately 28°C/ min, with sufficient linear- 
ity for rapid testing of a sample. 

Two ranges of preamplification pro- 
vide a 5-mv deflection of the potential 
recorder, which has sensitivities of —5, 
0, +5 mv. A low sensitivity of 0.5 mv 
is used on samples which have a large 
thermal reaction, and a high sensitivity 
of 0.25 mv is used on samples with a 
smaller reaction. 

Figure 2 shows the formation of 
galena (PbS) by pyrosynthesis. An 
endothermic reaction appears at 110°C, 
which represents the melting point of 
sulfur, while an exothermic reaction 
shows initial deflection at 210°C. As 
the heat of the exothermic reaction is 
added to the temperature of the sample, 
the reaction proceeds at a faster rate 
and culminates in a peak deflection at 
300°C. This point apparently repre- 
sents the complete crystallization of 
galena, as indicated by supplemental 
x-ray studies. The return of the curve 
to the base line represents primarily the 
decay of the thermal gradient as the 
reaction is absorbed by the thermal 
mass of the head. In the synthesis of 
some minerals, final crystallization oc- 
curs during this period and is indicated 
by a comparatively slow return of the 
curve to the base line. The area of the 
curve and its configuration permit in- 
vestigation of the chemical affinity of 
the constituents, relative bonding 
energy, amount of thermal energy re- 
leased during crystallization, and rela- 
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Fig. 1. Thermal head and detail of specimen vial. 





tive rate of the reaction throughout the 
crystallization process. 

Similar curves have been derived 
for other sulfides, selenides, tellurides, 
arsenides, and antimonides. The tech- 
nique has been shown to be particularly 
adaptable to the study of isomorphous 
minerals. Two series [galena (PbS)— 
clausthalite (PbSe) and covellite (CuS) 
—klockmannite (CuSe)] now being in- 
vestigated show gradational changes of 
the curves from one end of each series 
to the other. 

Preliminary curves show initial tem- 
peratures for several simple metallic 
sulfides or selenides as follows: covel- 
lite (CuS), 115°C; clausthalite (PbSe), 
160°C; klockmannite (CuSe), 225°C; 
Alabandite (MnS), 340°C; greenockite 
(CdS), 410°C; arsenopyrite (FeAsS), 
475°C; and pyrite (FeS:), 505°C. The 
temperatures indicated are preliminary 
estimates, since the accompanying x-ray 
studies for these and more complex 
compounds are still incomplete. 

It appears from preliminary results 
that differential thermal pyrosynthesis 
offers a convenient and reasonably exact 
method for investigating the funda- 
mental properties of a number of sul- 
fides or related minerals during their 
formation. When used in conjunction 
with differential thermal analysis and 
X-ray analysis, a more complete survey 
of the temperature relations of these 
minerals may be conducted. Study to 
date shows that differential thermal 
analysis is particularly adaptable to 
studies of mineral sequences which in- 
volve cation substitution, whereas dif- 
ferential thermal pyrosynthesis now 
appears more applicable to sequences 
involving anion substitution. 

Since the method is dynamic and 
present equipment is limited to the 
study of dry systems, the results ob- 
tained are relative, and the data derived 
must be applied to natural mineral for- 
mation with caution. Present knowl- 
edge of temperatures of formation of 
mineral deposits leaves much to be de- 

















Fig. 2. Thermal record of the formation 
of galena by pyrosynthesis. The endo- 
thermic deflection to the right indicates the 
melting of sulfur, and the exothermic de- 
flection to the left indicates the crystalliza- 
tion of galena. 
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sired, and the results of this technique, 
although only relative, may prove of 
considerable value in estimating such 
temperatures. The dynamic method 
readily demonstrates that the assump- 
tion frequently made that long periods 
are necessary for the formation of 
“sulfide type” minerals may be mis- 
leading (3). 
Epcar M. BOLLIN 
JAMES A. DUNNE 
PAuL F. KERR 
Columbia University, New York 
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Effect of Lesions in the 
Septal Forebrain of the Rat 
on Sleeping Time under Barbiturate 


Abstract. Rats with electrolytic lesions 
in the septal forebrain show increased 
sleeping times after injection with thio- 
pental sodium or barbital, as compared 
with normal and other control rats and 
rats with lesions in the cerebral cortex or 
caudate nucleus. 


As part of a program investigating 
the effects of drugs on the emotional 
behavior in animals, we have studied 
the effects of barbiturates on the be- 
havior of rats with lesions in the septal 
area of the forebrain. Such lesions 
ordinarily produce marked emotionality 
or hyperirritability. An earlier study 
found that meprobamate dramatically 
offset this irritability (7). In fact, rats 
with septal lesions showed clear seda- 
tion in response to doses of the drug 
that had little or no effect on the be- 
havior of the intact animal. 

In subsequent investigations of this 
phenomenon barbiturates were em- 
ployed, because more is known about 
their metabolic fate and pharmacologi- 
cal action. These experiments have in- 
cluded not only rats with septal lesions, 
but also rats with lesions in the cau- 
date nucleus or in the cortex and 
underlying white matter. All lesions 
have been bilateral and have been 
placed stereotaxically in the brains of 
60- to 70-day-old male albino rats at an 
anteropostero location 2 mm anterior 
to the bregma, by the passage of a 
3-ma direct current for 45 seconds at 
each needle placement. The septal and 
cortical lesions were placed 0.5 mm 
lateral to the mid-line on each side, the 
septal 6.5 mm and the cortical 2.5 mm 
below the surface of the skull. The 
lesions in the caudate nucleus were 
placed 3.0 mm lateral to the mid-line 
on each side at a depth of 6.5 mm. 


Histological confirmation of the 
lesions has been completed for all ani- 
mals. These data have shown that the 
operative technique produces standard 
lesions with fairly restricted variability 
at the loci intended. The septal lesions 
were found to consistently destroy that 
area lying beneath the corpus callosum 
in the rostromedial wall of the hemis- 
pheres, bounded laterally by the lateral 
ventricles and extending from _ the 
frontal cortex to the gray of the hippo- 
campal commissure dorsally and from 
the olfactory tubercle to the preoptic 
area ventrally. Animals with caudate 
lesions showed localized destruction 
beginning in the head of the caudate 
and extending through the medial as- 
pect of the caudate nucleus with no 
damage to the septal region. The ani- 
mals with cortical lesions showed small 
isocortical lesions lying close to the 
mid-line above the corpus callosum and 
extending from the level of the head 
of the caudate nucleus to the columns 
of the fornix. 

In addition to normal control rats, 
most of the experiments also have in- 
cluded sham-operated, deaf, and re- 
duced-weight control groups. In _ the 
sham operation, the rat was anes- 
thetized, its scalp was incised and re- 
tracted, and the skull was drilled at 
the appropriate point, with the dura 
spared. The deaf control rats were 
anesthetized, and their ear drums were 
punctured by the stereotaxic ear plugs, 
when the other animals were given 
lesions, to provide a control for pos- 
sible effects of incidental damage to 
the auditory apparatus on_ sleeping 
time. The reduced-weight control rats 
had their food and water intake re- 
stricted for 4 days prior to the test 
to control for effects of postoperative 
weight loss usually found in rats with 
septal and caudate lesions. 

In the experiments with thiopental 
sodium, the drug was injected into 
the femoral vein after the skin had 
been incised and the vein exposed to 
permit viewing of the site. After the 
injection, each animal was placed on 
its back and left undisturbed until it 
turned over. Sleeping time served as 
the behavioral indicator of drug effect, 
defined as the number of minutes 
elapsing between the termination of 
the injection and the time when the 
rat righted itself spontaneously. 

Figure 1 presents data for a repre- 
sentative experiment in which 20 mg of 
thiopental sodium per kilogram was 
injected intravenously at either 21 or 
22 days postoperatively. In this ex- 


periment the rats with septal lesions j 


showed a mean sleeping time between 
two and three times the mean sleeping 
time of any other group. The differ- 
ence in sleeping time between the 


group with septal lesions and the com- 
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bined group of those with other lesions 
was highly significant (P=.017), as 
was also the difference between the 
group with septal lesions and the con- 
trols as a group (P=.004). But the 
differences between the groups with 
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Fig. 1. Effect on sleeping time of rats of 
intravenous injection of 20 mg of thio- 
pental sodium per kilogram, given 21 or 
22 days postoperatively; room tempera- 
ture, 37.2°C. The number of animals in 
each group is indicated below the vertical 
bars. 
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Fig. 2. (Top) Effect on sleeping time of 
rats of intraperitoneal injection of 160 
mg of barbital sodium per kilogram, given 
26 days postoperatively; room tempera- 
ture, 25°C. (Bottom) Effect on sleeping 
time of rats of intravenous injection of 
20 mg of thiopental sodium per kilogram, 
given 102 days postoperatively; room 
temperature, 28.2°C. The number of ani- 
mals in each group is indicated below the 
vertical bars. 
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cortical or caudate lesions and the 
control groups did not even approach 
Statistical significance. 

Earlier experiments conducted at 
room temperature (25° to 29°C) had 
given essentially identical results, but 
it was found that the duration of bar- 
bital anesthesia was proportional to 
the fall in body temperature. Since septal 
lesions could possibly alter the tempera- 
ture-regulating mechanisms of tne rat 
and thus affect the duration of barbitu- 
rate action, the test room used in the 
experiment referred to in Fig. 1 was 
maintained at a temperature of 37.2°C 
to ensure the maintenance of normal 
body temperature by all rats during 
sleep. The rectal temperature of each 
rat was taken with a telethermometer at- 
tached to a thermistor sensing unit 
that had been placed in the rectum 
prior to injection. The rectal tempera- 
ture of each animal was then recorded 
once per minute from the moment 
prior to injection of the drug to the 
time the animal awoke. 

It was found under these conditions 
that the rectal temperature of rats with 
septal lesions did not differ from that 
of the groups with other lesions or that 
of control groups, and that normal 
rectal temperature was maintained 
without change during the entire sleep- 
ing time. Thus it is apparent that the 
effects of the septal, lesion on bar- 
biturate action are not secondary to 
effects on temperature-regulating mech- 
anisms, since the potentiating effects 
of septal lesions are not abolished or 
even reduced by the maintenance of 
normal body temperature. We have 
also found that the rats with septal 
lesions can maintain normal rectal 
temperature for several hours under 
conditions of cold stress (0° to 5°C) 
and do not differ in this regard from 
normal rats or rats with other lesions. 

In another experiment, rats with 
lesions produced and placed as de- 
scribed above, together with the con- 
trol groups, were tested with barbital, 
a long-acting barbiturate that does not 
undergo chemical alteration in the body 
(2). Here, barbital sodium, at a dose 
of 160 mg of the acid per kilogram, 
was injected intraperitoneally 26 days 
postoperatively, with the test room at 
25°C. Loss and recovery of the right- 
ing reflex, determined in accordance 
with a standard procedure in which 
all rats received equal stimulation and 
handling, was the indicator for induc- 
tion and termination of sleep. Figure 
2 presents the data for the barbital 
test. Again, the rats with septal lesions 
showed significantly longer sleeping 
times than either of the groups with 
other lesions or the control groups 
(P<.02), with no statistically signifi- 
cant differences appearing between the 
groups with the lesions in the cortex 


and caudate nucleus and any of the 
ccatrol groups. To investigate the post- 
operative persistence of the effect of 
septal lesions of sleeping time after in- 
jection of barbiturates, all animals that 
had earlier received barbital now re- 
ceived a thiopental sodium test 102 
days postoperatively, following the 
method described for the first experi- 
ment, with the room at 28.2°C. As the 
figures show, the data for the two 
drugs and for the two experiments 
agree substantially. That sleeping times 
under both thiopental sodium and bar- 
bital are increased by septal lesions 
suggests that the lesion does not pro- 
duce this effect by altering drug metab- 
olism. 

All told, some 12 separate experi- 
ments have been performed with thio- 
pental sodium, under these procedures 
but fresh groups of rats were used for 
each experiment. Uniformly, rats with 
septal lesions have shown elevated 
sleeping times in comparison with the 
groups with other lesions and with 
control groups as determined by his- 
tology. Taken together, the experi- 
ments have shown that this finding is 
not an artifact of postoperative debility 
and weight loss or derangement in 
temperature regulation. Further, the 
data available indicate that cortical 
lesions and lesions in the caudate nu- 
cleus do not increase sleeping time 
under thiopental sodium notably, if 
at all. Finally, in contrast with the 
transience of septal postoperative ir- 
ritability, the effect of these lesions on 
drug response appears clearly at post- 
operative intervals up to 102 days. 

The mechanisms responsible for this 
augmented response to drugs are as yet 
obscure. Because the septal area is 
known to have connections with the 
mesencephalic reticular formation (3) 
and because it has been reported that 
barbiturates have a selective action on 
the reticular formation (4), we are at 
present investigating the effects of 
lesions in other limbic and hypothala- 
mic loci with known reticular forma- 
tion connections on barbiturate action. 
Our further investigations of this prob- 
lem also include studies on the effects 
of septal and other lesions on response 
to other centrally acting drugs, drug 
metabolism and distribution, and the 
possible contribution of hormonal func- 
tion to the phenomena we have ob- 
served (5). 

ALFRED HELLER, JOHN A. HARVEY, 

Howarp F. Hunt, Lioyp J. RoTtH 
Departments of Pharmacology and 
Psychology, University of Chicago, 
Chicago, Illinois 
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Geochemistry of Graywackes 
and Shales 


Abstract. Sixty-nine graywackes and 33 
shales were analyzed spectrographically 
for 14 minor elements to illustrate the 
variation of composition within a gray- 
wacke bed, between beds in one section, 
between sections, and between formations. 
Analyses of several fractions of a gray- 
wacke indicate what each contributes 
chemically to the rock. 


Some interesting features regarding 
the geochemistry of graywackes and 
shales are shown by 28 Normanskill- 
formation graywackes, 24 Quebec- 
group graywackes, 17 miscellaneous 
graywackes, and 33 shales analyzed 
spectrochemically for boron, barium, 
cobalt, copper, chromium, § gallium, 
Magnesium, manganese, nickel, scan- 
dium, strontium, titanium, vanadium, 
and zirconium (/) (see Table 1). 

Turbidite graywackes result from 
deposition by turbidity flows which 
form when oversteepening of the con- 
tinental shelf results in large-scale 
slumping of shelf or deltaic sediments. 
It might be expected that as these flows 
sweep down the gentle continental 
slope, the largest and heaviest mineral 
grains, which are often those showing 
relatively high concentrations of minor 
and trace elements, would be dropped 
first, and that the finer clay particles 
would be the last to settle. Therefore, 
a considerable difference in composition 


Table 1. 


between the bottom and the top of a 
bed might be expected. 

The analyses show no statistically 
valid difference in composition between 
the top and bottom of a graywacke bed 
except for zirconium, which is always 
found in relatively high concentrations 
at the base. Such homogeneity results 
from the counterbalancing effect of ele- 
ments contained in both the heavy 
mineral fraction and in the clay matrix. 
For example, the amount of boron 
present in a few grains of tourmaline 
at the base of a bed is counterbalanced 
by the smaller amount present in a 
large amount of clay near the top. Less 
zirconium is found in the clay matrix 
than in the heavy mineral fraction be- 
cause of the absence of naturally oc- 
curring soluble zirconium compounds; 
thus, for zirconium, there is no coun- 
terbalancing effect. 

There is little variation in average 
composition between graywacke for- 
mations, an indication that graywacke 
sediments are, in general, similar. Gray- 
wacke sediments are mechanical mix- 
tures of most of the common rock 
types, derived from large areas of the 
continent and distributed to the ocean 
by the larger rivers. 

Between stratigraphic sections in one 
formation and between beds in one 
section there are great differences 
which reflect the position of the section 
with respect to the shelf area and the 
position of the bed with respect to the 
source, since turbidity currents are 
inhomogeneous both laterally and verti- 
cally. The composition of a bed as a 
whole may change without any accom- 
panying change in the compositional 
differences between the top and bottom, 
except for zirconium. 

Normanskill graywackes contain 
seven major constituents—quartz, feld- 
spar, clay matrix, carbonate cement, 
heavy minerals, clay rock fragments, 
and carbonate rock fragments. By 


Results of spectrographic analysis of samples of graywackes and shales for 14 elements. 


All concentrations are given in parts per million except those for magnesium, which are given in 

















percentages. 
Concentration 
Sample Saree 

B Ba Co Cr Cu Ga Mg Mn Ni Sc Sr Ti Vos 
Quebec-group 70. 220 35. 66. 09 10. ..62 540.27 $ 110 ,. 8500. 43.) 810 
graywackes 
Normanskill 35 380 22 140 33 14 1.2 600 43 8 260 5100 67 400 
graywackes 
Kiskatom 120 530 28 250 6 1.9 850 77 11 120 11000 88 440 
graywackes 
Rennselaer 32. 790, 84,130) 48 69 6155: «750: 28.|- 8, 190. 6300. : 48: 460 
graywackes 
Miscellaneous 42 430 20 120 5 9 3.2 470 39 8 150 4500 52 260 


graywackes (N = 9) 
Normanskill shale 130 360 32. $87 37 


Miscellaneous 220 520 22 110 58 
shales (N = 33) 


20 2.4 400 58 15 150 
13 1.6 180 64 12 150 


7000 79 230 
6000 150 340 
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separating several fractions and analyz- 
ing them separately, the contribution of 
each fraction to the rock can be ob- 
tained. Feldspars add a considerable 
amount of barium but very little 
strontium. Carbonate cement contrib- 
utes magnesium, manganese, strontium, 
and barium, the strontium arising from 
the redistribution of aragonite and 
radiolarian skeletal material by perco- 
lating intrastratal fluids. Heavy minerals 
are very rich in zirconium (over 10,000 
parts per million) and contain much 
barium, cobalt, chromium, copper, 
nickel, scandium, titanium, vanadium, 
and silver but no detectable gold. The 
clay matrix adds considerable amounts of 
hydrolyzate elements such as boron, 
barium, cobalt, chromium, copper, 
gallium, nickel, titanium, and vanadium, 
but the levels of zirconium, manganese, 
magnesium, and strontium are very low. 

A correlation of mineral composition, 
determined by detailed point-counting 
of thin sections, and chemical composi- 
tion was attempted, but only gross cor- 
relations are  visible—for exaraple, 
graywackes rich in clay matrix tend to 
be richer in boron. The interplay of 
analytical and point-counting errors and 
the small range of mineral composition 
of the graywackes tend to obscure de- 
tailed correlations. 

The effect of provenance is shown 
by the Normanskill formation (island- 
arc-derived) and the Quebec group 
(shield-derived) graywackes. Turbidites 
originating from the relatively more 
basic island arc environment show 
higher concentrations of the elements 
which are usually found in relatively 
high concentrations in basic rocks, 
while shield-derived graywackes are 
richer in elements such as zirconium, 
which are associated with acidic rocks. 

No striking difference between the 
composition of graywackes and_ the 
average crustal rock is evident. 

If each pair of elements is statisti- 
cally treated to show the degree of cor- 
relation or interdependency of the con- 
centration between the two, a great 
number of correlations are evident even 
at the 1-percent level of significance. 
This is largely the result of the presence 
of seven major constituents which form 
these graywackes. For example, gray- 
wackes rich in manganese tend to show 
high concentrations of strontium also, 
thus reflecting the quantity of cement- 
ing material in which these two ele- 
ments are contained. 

Analyses of 33 shales from forma- 
tions of Ordovician, Devonian, and Cre- 
taceous age show an increase in the 
boron content toward the present, sug- 
gesting that boron was added to the 
oceans by volcanism rather than by 
the condensation of volatile boron tri- 
chloride from a protoatmosphere. 


SCIENCE, VOL. 131 








ence 
wacl 
pela 
fissil 
weal 
richi 
cop} 
typi 
The: 
sea 

slow 
whi 
mag 
shal 
latte 
mor 
orge 
a re 
tion 
repr 


posi 
and 


Mcl 
Har 


Au 
Gr: 


in | 
tran 
mal 
tive 
Atte 
fert 
of c 
unic 
easi 
phe 


ind 
cyt 
tur 
side 
atte 
hav 
Usi 
Stel 
are 
see 
tra! 
tior 
or 

pla 


ste! 


der 
tra 


4) 








ib- 


>0- 
als 
00 


wn 
nd- 
up 
ites 
ore 
Ow 
nts 
ely 
ks, 
are 
im, 


the 
the 


sti- 


on- 
eat 
ven 


nce 
rm 


OW 
Iso, 
snt- 
ele- 


na- 
re- 
the 
ug- 
the 

by 
tri- 











Pelagic shales show striking differ- 
ences from shales associated with gray- 
wackes in that the slowly accumulating 
pelagic shales are thinner-bedded, more 
fissile when compacted, and flaky when 
weathering. In addition, they tend to be 
richer in boron, barium, chromium, 
copper, nickel and vanadium, elements 
typical of hydrolyzate environments. 
These elements are removed from the 
sea in greater quantities because of the 
slower deposition of pelagic shales, 
which show a much lower content of 
magnesium, manganese, and cobalt than 
shales associated with graywackes. The 
latter are thicker-bedded, slabby, and 
more compact, and they contain less 
organic material. The differences are 
a result, largely, of the rate of deposi- 
tion; shales associated with graywackes 
represent the tail of a turbidity flow. 

Graywackes are intermediate in com- 
position between shales on the one hand 
and sandstones on the other. 

Jon N. WEBER 

McMaster University, 
Hamilton, Ontario, Canada 


Note 


1. The samples were collected by G. V. Middle- 
ton, who also determined the mineral com- 
position by point-counting. 
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Autonomy of Cytoplasmic 
Male Sterility in 
Grafted Scions of Tobacco 


Abstract. Negative results were obtained 
in experiments designed to detect graft 
transmission to progeny of cytoplasmic 
male sterility in tobacco, contrary to posi- 
tive results reported by Frankel in petunia. 
Attempts to show graft transmission of male 
fertility also failed. Evidently transmission 
of cytoplasmic male sterility through a graft 
union with a fertile individual is not an 
easily repeatable or else is not a general 
phenomenon in plants. 


Frankel (7) has reported -raft- 
induced transmission to progeny of 
cytoplasmic male sterility in certain cul- 
tures of petunia. Because of the con- 
siderable theoretical and practical interest 
attaching to such a demonstration, we 
have attempted to repeat the work by 
using cultures of cytoplasmic male 
sterile tobacco. Although these results 
are entirely negative, a published note 
seems desirable to indicate that graft 
transmission of cytoplasmic determina- 
tion of male sterility is not a general 
or easily repeatable phenomenon in 
plants. The grafting experience of other 
workers (2) with cytoplasmic male 
sterility in petunias has also failed to 
demonstrate graft-induction or graft 
transmission of sterility. 

The male sterile tobacco material 
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Table 1. Progeny obtained from grafted and control parents possessing cytoplasmic male sterility 


or fertility in Nicotiana tabacum. 














Parents Progeny 
Culture Family 
Mating* Pedigree Fertile Sterile 
1 5685 U.S. X U.F. 55322-1 & 55 Kup. 0 20 
2 5768 U.S. X U.F. 5685-22 XK 569-9 0 16 
3 5842 U.S. X U.F 5768-3 X 577-2 0 19 
cl $5863 S/F xX U.F 5768-3 X 577-1 0 55 
577-2 
5 $5859 U.F. Self 5710-3 Self 59 0 
6 $5860 F/F Self 5710-4 Self 57 0 
577-4 
7 $5858 F/S Self 5710-2 Self 48 0 
5768-1 
8 $5861 F/S X U.F. 5710-2 xX 5710-3 51 0 
5768-1 
9 $5862 U.F. X F/S 5710-3 X 5710-2 54 0 
5768-1 





*F, male fertile; S, male sterile; U.F., ungrafted fertile; U.S., ungrafted sterile. Graft type is shown 


as scion/stock. The scion was always used as parent. 


used in these experiments was derived by 
pedigree culture from a type selected by 
Clayton (3) after an interspecific cross 
between Nicotiana debneyi as female 
and N. tabacum. Subsequent backcrosses 
to tobacco reinstated the tobacco 
genome. The male sterility and split- 
blossom characters were . consistently 
maintained in recurrent backcrosses, 
and therefore, by inference, are associ- 
ated with an autonomous cytoplasmic 
system, presumably contributed by N. 
debneyi. The behavior shown in re- 
peated crosses is illustrated in Table 1 
by cultures 1, 2, and 3. The recurrent 
fertile parent was an inbred line of 
Connecticut broadleaf cigar tobacco. 
The male-sterile family represented by 
culture 3 was the product of the 14th 
backcross to tobacco following the 
original cross with N. debneyi. 

Four families of plants were em- 
ployed in the reciprocal grafting experi- 
ments in 1957. These included a male- 
sterile and a male-fertile broadleaf 
tobacco (families 5768 and 577), and 
a male-sterile and a male-fertile Havana 
seed tobacco (families 5767 and 5710). 
The ten whip grafts made in the field 
during the week of 17 Aug. 1957 com- 
prised three sterile on fertile, three fer- 
tile on sterile, two fertile on fertile, and 
two sterile on sterile. These grafts were 
readily established, and the material was 
transplanted to the greenhouse in Sep- 
tember along with two ungrafted fertiles 
and two ungrafted steriles. 

Self-pollinations and intercrosses of a 
large number of types are possible if 
these five sterile and five fertile scions, 
five sterile and five fertile stocks, and 
the four ungrafted fertile and sterile 
controls are employed as parents. Fifty- 
three of the more significant of these 
pollination types were made during the 
period from September 1957 to Feb- 
ruary 1958, and seed was successfully 
harvested. 





The sterile scions remained sterile and 
the fertile scions remained fertile in 
phenotype, irrespective of the stock type 
to which they were grafted, throughout 
the period of more than 6 months dur- 
ing which they were observed. This 
autonomy of scion phenotype is in 
agreement with the observations of 
Frankel on petunia grafts (7). How- 
ever, Frankel’s tests were interpreted to 
indicate that the “grafting induced 
changes in the fertile scion that resulted 
in the appearance of cytoplasmic sterility 
in its progeny.” 

The progeny results for our tobacco 
material are shown in Table 1 for seven 
critical pollinations grown as _ seven 
families (cultures 3 to 9) in the sum- 
mer of 1958. Seed from the additional 
pollinations is still available, but loses 
much of its interest in the absence of a 
positive transmission effect. Culture 4, 
in comparison with 3, shows that male 
fertility is not transmitted from stock 
through scion to progeny. Culture 6 
indicates that the grafting process itself 
has not induced detected male sterility. 
Cultures 7, 8, and 9, in comparison 
with cultures 5 and 6, give no indication 
of any influence of the cytoplasmic male 
sterile stock on the progeny obtained 
from the fertile scion. Rather, these 
data concur in the indication of 
autonomous control of cytoplasmic male 
sterility or fertility in these grafted 
scions of tobacco. 

SEAWARD A. SAND 
Genetics Department, 
Connecticut Agricultural 
Experiment Station, 
New Haven, Connecticut 
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Serine Derivative with 


Antitumor Activity 


Abstract. The sodium salt of N-dichlo- 
roacetyl-pL-serine depresses the growth of 
sarcoma-37 in mice, causing complete re- 
gressions of the tumor. The compound is 
nontoxic to mice in doses up to 4 gm/kg 
of body weight. The animals do not lose 
body weight and show no alteration in the 
formed elements of the blood or in hemo- 
globin content. 


Amino acid derivatives which might 
serve as antagonists in the metabolism 
of tumor cells have been investigated 
for many years (/). Since some anti- 
biotics have the ability to destroy neo- 
plastic cells in experimental animals (2), 
it was reasoned that a natural amino 
acid modified to contain a portion of a 
natural antibiotic may have antimetab- 
olite properties. As a starting point we 
chose the N-dichloracetyl group of 
chloramphenicol, since the natural 
amino acids are easily acylated. We 
have synthesized a number of N-dichlo- 
roacetyl derivatives of a-amino acids 
and are investigating them for anti- 
tumor activity in experimental animals. 

We wish to give at this time a brief 
account of preliminary experiments 
concerning the effect of one of these 
derivatives—namely, the sodium salt of 
N-dichloroacetyl serine—on tumor 
growth. 

Commercial DL-serine was treated 
with dichloroacetyl chloride in an aque- 
ous alkaline medium at 0°C, according 
to the usual procedure employed for 
N-acylating amino acids. The purified, 
colorless, crystalline N-dichloroacetyl- 
DL-serine melted at 119° to 121°C. The 
sodium salt of N-dichloroacetyl-pL- 
serine [Frosst-T-9045 (FT-9045)] was 
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Fig. 1. Effect of 1 gm of the sodium salt 
of N-dichloroacetyl-pL-serine per kilogram 
of body weight per day on the growth of 
sarcoma-37 in mice. Each point represents 
the average tumor volume for ten animals. 
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also a white crystalline compound and 
melted at 178° to 179°C (with slight 
decomposition). Both compounds were 
readily soluble in water at room tem- 
perature. The sodium salt was used in 
the experiments described below. 

Sprague-Dawley rats and Connaught 
mice tolerated doses up to 4 gm of the 
salt per kilogram of body weight, in- 
jected intraperitoneally, with no visible 
abnormal effects. None of the animals 
died. Connaught mice receiving a daily 
dose of 1 gm of the salt per kilogram 
of body weight, injected intraperitone- 
ally for 7 days, showed no alteration in 
white blood cells, red blood cells, or 
hemoglobin content. 

An anesthetized cat was given a con- 
tinuous intravenous infusion of 1 ml of 
a 10-percent solution of the compound 
per minute. Blood pressure, respiration, 
and heart rate were recorded. At the 
end of 4 hours, 21 gm (7 gm per kilo- 
gram of body weight) had been in- 
fused. During. this time there was no 
change in blood pressure, respiration, 
or heart rate. The cat responded physi- 
ologically to acetylcholine and to adren- 
aline at the end of the infusion. Au- 
topsy revealed no gross abnormality. 

Twenty Connaught mice with active- 
ly growing transplanted sarcoma-37 
were divided into two groups of ten 
each. One group was kept as an un- 
treated control. On the 12th day after 
subcutaneous transplant, the other 
group was injected intraperitoneally 
daily with 1 gm of the compound per 
kilogram of body weight. The volume 
of the tumors was determined daily by 
measuring three dimensions with cali- 
pers. The results are shown in Fig. 1. 
On the 6th day of treatment, five out 
of ten of the treated animals showed 
complete regressions of their tumors, 
and on the 25th day, seven out of the 
ten tumors had completely regressed. 
In the remaining three animals the 
tumors continue to regress. The tumors 
in the untreated control animals pro- 
gressed in size, as was expected. The 
tumors in the treated animals became 
very small and hard during their regres- 
sion and eventually sloughed off, leav- 
ing an ulcer which finally healed. His- 
tological study of tumors on the 6th 
day of treatment in a parallel experi- 
ment showed extensive necrosis with a 
few isolated islands of tumor cells. Sec- 
tions from untreated animals studied at 
the same time showed actively growing 
tumor cells with numerous mitoses. 
The lack of toxicity of this compound 
which has been shown in normal ani- 
mals was again evident in the tumor- 
bearing animals. There was no weight 
loss such as one usually finds with 
toxic drugs (mustards and so on), and 
there were no deaths. 

In view of the low toxicity of the 
sodium salt of N-dichloroacetyl-pL- 


serine and its apparent specific effect 
on neoplastic growth, this compound 
is now being investigated clinically on 
patients with advanced malignant dis- 
ease. 

IrvING Levi 
HAROLD BLONDAL 
Ezra LOZINSKI 

Research Laboratories, Charles E. 
Frosst and Company, Montreal, Canada 
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Selective Uptake of Serum 
Globulins and Glycoproteins 
by Cells Growing in vitro 


Abstract. It has been demonstrated in 
preliminary experiments that two strains 
of rat tumor cells (WRC-256 and TSAT- 
72) utilize alpha-2-globulin more selective- 
ly than other protein components of 
human serum. Cells of strain TSAT-72 
show some utilization of beta-globulins 
also. Separate experiments demonstrated 
the utilization of glycoproteins by both 
strains. 


Pathological manifestations in man 
and other mammals are very often re- 
flected in the biochemistry of the cir- 
culating blood. Especially during the 
last decade, valuable information has 
been obtained by applying new elec- 
trophoretic methods to the study of 
the blood and serum components of 
normal and diseased subjects. Among 
the major constituents of the serum, 
large molecules as well as their con- 
jugated forms such as lipo- and gly- 
coproteins have been shown to fluctu- 
ate considerably in various physiologi- 
cal and pathological conditions. 

The role of serum proteins in growth 
processes and particularly in neoplastic 
growth represents still another problem 
which needs to be investigated further. 
Tissue culture has provided a good 
tool for the study of the biological ac- 
tivity and the nutritional value of these 
complex macromolecules during the 
growth of mammalian cells in vitro. 
Jaquez and Barry (/) observed that 
the growth-promoting activity of serum 
is associated with such nondialyzable 
protein fractions as the globulins. We 
have already reported (2) the utiliza- 
tion of serum alpha- and _ beta-globu- 
lins by several malignant cell strains 
and a normal strain growing in tissue 
culture. Madden and Whipple’s experi- 
ments (3) on the participation of 


‘serum proteins in the metabolism of 


cells show another example of the 
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utilization of these components by cells 
in vivo. 

In recent experiments the rat tumor 
cell strains TSAT-72 sarcoma and Walk- 
er 256 carcinoma were grown in a 
culture medium consisting of 50 per- 
cent human adult or human placental 
cord serum and 50 percent Gey’s bal- 
anced salt solution (4). The cultures 
were incubated at 37°C for 29 days 
without renewal of the medium in 
specially designed double _ diffusion 
chambers (5). The culture fluids were 
studied after periods of 6, 12, 20, and 
29 days of continuous culture and 
growth. 

Paper electrophoresis of the proteins 
and glycoproteins was carried out ac- 
cording to a procedure already de- 
scribed (2). In the experiments on 
strain WRC-256 it was found that 
alpha-2-globulins were utilized more 
rapidly than the beta fractions. The 
drop of the levels of alpha-2-globulin 
started around the sixth day. In more 
advanced stages of the cultures (26 
days) without renewal of the medium, 
the levels of alpha-2-globulin were 
considerably lower than those of the 
beta fractions. By comparison, the rat 
sarcoma strain TSAT-72 utilized alpha- 
and beta-globulins equally under these 
experimental conditions. However, in 
the case of the Walker carcinoma 256, 
the uptake of alpha-2-globulin is more 
uniform and predominates over the 
beta uptake, which appears to be very 
slight. With WRC-256, even after 29 
days of continuous culture in the same 
medium, the levels of beta-globulin re- 
main almost identical to the levels 
found in the original unincubated fluid 
and the incubated fluid controls (no 
tissue blank). In these experiments a 
drop of 35 to 40 percent in the alpha- 
2-globulin was repeatedly observed 
(Fig. 1). 

Since the group of alpha- and beta- 
globulins comprises several complex 
proteins such as lipo- and glycopro- 
teins, the possibility that the protein- 
bound carbohydrates could be selec- 
tively utilized was investigated. It is 
known that serum alpha-2-globulin is 
very rich in carbohydrates. The strains 
TSAT-72 and 256 were used in these 
studies. Cultures were set up and main- 
tained for as long as 29 days, as de- 
scribed. Paper electrophoresis of the 
bound carbohydrates and quantitative 
analysis by Winzler’s method (6) of 
the culture fluids showed a considerable 
depletion of the glycoproteins at the 
end of 29 days (Fig. 2). The controls 

(no tissue blank) did not show any 
drop in the glycoproteins. The results 
with both TSAT-72 and WRC-256 are 
similar. Since the cells of both epithelial 
(WRC-256) and mesenchymal origin 
(TSAT-72) utilized significant amounts 
(approximately 35 percent) of the 
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Fig. 1. Paper electrophoresis patterns and recordings of the serum proteins. Incubated 
fluid controls—no tissue blank (top patterns and solid curves) and culture fluids after 
20 days (bottom patterns and broken curves). A, TSAT-72 rat sarcoma; B, WRC-256 
rat carcinoma. 








Fig. 2. Paper electrophoresis patterns of serum glycoproteins in incubated control fluid 
(top pattern, solid curve) and WRC-256 culture fluid (bottom pattern, broken curve). 
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available glycoproteins, it may be sug- 
gested that the alpha-2-globulins are 
important in the nutrition of mamma- 
lian cells. 


H. Naim KENT 
GEORGE O. GEY 


Department of Surgery, Johns Hopkins 
University Medical School, and 
Department of Pathobiology, School of 
Hygiene and Public Health, Johns 
Hopkins University, Baltimore, 
Maryland 
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Distribution of Labeled Carbon 
in Reef-Building Corals with 
and without Zooxanthellae 


Abstract. The uptake and distribution 
of carbon-14 in two reef-building corals, 
Manicina areolata and Montastrea an- 
nularis, were studied by radioautographic 
methods. Experiments on colonies with 
and without zooxanthellae were run in 
light and in darkness. We suggest that 
corals cannot derive any effective nutri- 
tion from their zooxanthellae, and that 
the physiological response of corals to the 
presence of zooxanthellae is due to the 
secretion of trace amounts of vitamin-like 
or hormone-like substances by the algal 
symbionts, and not to their food value 
per se. 


Using a radioautographic method, 
Muscatine and Hand (J) reported 
transfer of photosynthetically fixed 
material from the zooxanthellae into 
the host tissues of the sea anemone 
Anthopleura elegantissima (Brandt). 
Although these investigators obtained 
no data about the nature and quantity 
of the material transferred, they sug- 
gested that the actiniarian host could 
derive at least a part of its nutrition 
from its commensal algae. Muscatine 
and Hand also claimed that their con- 
clusions support the inference that the 
hermatypic, or reef-building, corals, 
which also contain zooxanthellae, 
could likewise derive food from the 
algae. 

The point of view that hermatypic 
corals are herbivorous as well as car- 
nivorous is a controversial one which 
has recently been resurrected by Sar- 
gent and Austin (2) and Odum and 
Odum (3) to explain results of their 
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studies on the oxygen balance of Pa- 
cific atoll reefs. On the other hand, the 
experimental evidence of Yonge et al. 
(4, 5) demonstrated that corals appear 
to be specialized carnivores which can- 
not utilize their zooxanthellae for food. 
These investigators also showed that 
the zooxanthellae are nevertheless very 
important in the bioeconomy of their 
hosts in that the metabolic efficiency 
of the coelenterate is greatly enhanced 
through the in situ absorption of waste 
products and the liberation of oxygen. 
Our own unpublished observations 
confirm these conclusions. 

It is now almost certain that, among 
the Coelenterata, zooxanthellae do 
play an important role in the nutrition 
of some of the Alcyonaceae, notably 
the Xeniidae (6), and possibly in some 
of the Zoanthidea as well. There ap- 
pears to be great variation throughout 
the various groups of the coelenterates, 
some of which are purely carnivorous 
even though they contain zooxanthel- 
lae, whereas others are wholly or in 
part herbivorous. The role played by 
the zooxanthellae in the bioeconomy of 
their coelenterate hosts appears to vary 
in specific and unpredictable ways 
from one group to another, and it is 
unjustified to extrapolate results from 
the Actiniaria to the Scleractinia, as 
was done by Muscatine and Hand. 

Investigations are now in progress in 
this laboratory to determine the role 
of the zooxanthellae in calcium deposi- 
tion and nutrition in the hermatypic 
scleractinia, or reef-building corals 
(7, 8). In view of the possible impor- 
tance of our findings in helping to re- 
solve the controversy over zooxanthel- 
lae in reef corals, we present here 
some preliminary results on the fixa- 
tion and migration of labeled carbon in 
corals with and without zooxanthellae, 
both in light and darkness. 

Two species of West Indian reef- 
building scleractinian corals were used 
in our experiments, Manicina areolata 
(Linnaeus) and Montastrea annularis 
(Ellis and Solander). The latter is one 
of the most important framework 
builders of Western Atlantic reefs (9). 
Half of the colonies used were first 
kept in complete darkness for 3 months 
to cause complete extrusion of the 
zooxanthellae from the coenosarc; the 
other colonies used were normal and 
contained large numbers of zooxan- 
thellae. One series of colonies, both 
with and without zooxanthellae, was 
run in light, 1 foot under a double 
bank of 40-watt daylight fluorescent 
tubes. Another series, containing the 
same types of coral, was run simul- 
taneously under identical conditions, 
except that the colonies were kept in 
lightproof jars. Nas:C“Os at pH 9.0 
was added to the experimental vessels 
to give a final activity of approximately 


1 uc/ml. The water was stirred with a 
gentle stream of moist air to prevent 
anaerobiosis and pH changes, especial- 
ly in the dark jars. The experiments 
were run for 50 hours at a temperature 
of 27 + 1.5°C and were terminated by 
transferring the corals into “cold” 
fresh-running sea water for 2 hours to 
rinse out any activity not incorporated 
into tissue constituents. The specimens 
were fixed in modified Carnoy’s fluid 
(1 part glacial acetic acid to 3 parts 
absolute ethyl alcohol), decalcified in 
vacuo with 10 percent glacial acetic 
acid, washed, dehydrated, embedded, 
and sectioned at 5 and 9x. Radioau- 
tography was carried out by the strip- 
ping film method of Pele (J0) with 
Kodak Ltd. (England) A.R. 10 plates. 
The emulsion was exposed for 10 days 
at 4°C and developed. 

Intense exposure was observed over 
the zooxanthellae of those corals which 
were kept in the light, whereas there 
was virtually none in those which had 
been kept in darkness to prevent photo- 
synthesis. The amount of activity in- 
corporated was three to five times 
greater in zooxanthellae located in the 
gastroderm of the oral disk and column 
wall than in those located in deeper 
tissues such as the mesenteries and cali- 
coblast, where the available light is of 
much lower intensity and the rate of 
photosynthesis is thereby reduced. Very 
little activity was seen in zooxanthellae 
located in the excretory zone of the 
mesenteries, possibly because these al- 
gae were either moribund or dead and 
in course of extrusion from the coral 
(35); 

No significant algal uptake of radio- 
carbon was observed in those corals 
which had been kept in darkness. The 
tissues of both normal and zooxanthella- 
less corals kept in darkness during the 
experiment showed identical but faint 
background activity, probably due to 
the heterotrophic CO: fixation in the 
animal tissues. The tissue background 
activity of the zooxanthella-less corals 
kept in the light was: equally low. In 
normal corals kept in light to allow al- 
gal photosynthesis, preliminary grain 
counts indicated that the tissue back- 
ground activity was about. five times 
higher than in the controls kept in 
darkness. This activity was confined 
to the cell masses of the epidermis and 
gastrodermis, and was reduced or ab- 
sent Over mucous glands and the meso- 
glea, which is nearly acellular. The ac- 
tivity was somewhat greater in tissues 
that contained zooxanthellae than in 
those that did not, but the difference 
was small. These observations indicate 
that some of the radioactivity fixed by 
algal photosynthesis was _ transferred 
and became incorporated in the tissues 
of the animal host. 

The level of such transfer seems 
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surprisingly low, especially if the pos- 
sibility that the zooxanthellae supply 
the coral host with food materials is 
considered. But if this were indeed the 
case, then the rate of transfer of la- 
beled products from algae to coral 
should have been far greater, and a 
much higher level of tissue radioactiv- 
ity than was actually found would have 
been expected. The activity observed 
in the tissues of our normal corals, 
which were kept in the light for 50 
hours at 27°C, was much lower than 
that in the anemone section shown in 
Fig. 3 of Muscatine and Hand’s paper 
(1, p. 1262), which came from a speci- 
men run for only 18 hours at 14°C. 
It should be pointed out that the spe- 
cific activities, tissue-section thickness, 
and exposure times of Muscatine’s ex- 
periments were roughly the same as 
ours. 

Under the conditions of our experi- 
ments, the results suggest that there is 
some movement of labeled photosyn- 
thetic products from the zooxanthel- 
lae to the coral, but that this occurs at 
a very low level. Work is now in prog- 
ress to determine the quantitative rela- 
tions of this process. It appears prob- 
able that the amount transferred from 
the algae to the animal host can at 
best satisfy only a very small propor- 
tion of the coral’s total nutritional re- 
quirement. This preliminary conclu- 
sion would be in agreement with the 
observations of Yonge et al. (5), who 
demonstrated that reef corals starved 
of animal food, but still containing 
zooxanthellae, could not use their al- 
gal commensals as a substitute source 
of food. 

If the corals cannot utilize the zoo- 
xanthellae as a source of food, what 
then is the role of the zooxanthellae in 
the bioeconomy of the coral host, par- 
ticularly in relation to the algal prod- 
ucts which do reach the coral tissues 
and are incorporated there in small 
amounts? Elsewhere we have shown 
that the zooxanthellae exert an enor- 
mous potentiating influence on the cal- 
cium deposition rate of those herma- 
typic corals we have tested (8). A 
possible mechanism for this has been 
suggested, and evidence has been pre- 
sented that the zooxanthellae may have 
a general stimulating action on the 
coral host’s metabolism, possibly medi- 
ated through vitamin or hormone-like 
trace factors which are secreted in 
small amounts by the algae but which 
by themselves do not contribute sig- 
nificantly to the nutrition of the coral 
Wy 11). 

T. F. Goreau 
N. I. GoREAU 
Physiology Department, University 
College of the West Indies, 
Mona, Jamaica, and New York 
Zoological Society, New York 
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Antibacterial Activity of 
Acyclic Decapeptide Analogs 
of Gramicidin S 

Abstract. Three acyclic decapeptide 
analogs of gramicidin S, although found to 
possess antibacterial activity, apparently 
have modes of action which differ from 
that of the naturally occurring cyclic 
antibiotic. In contrast to the immediate 
action of gramicidin S, one of the deca- 
peptides produced complete bacteriostasis 
only after several cell divisions had oc- 
curred. Furthermore, mixtures of grami- 
cidin S with either of two of the acyclic 
peptides were synergistic. Some implica- 
tions of these findings are discussed. 


In an earlier communication (/), 
the antibacterial activity of a decapep- 
tide analog of gramicidin S was de- 
scribed. The compound (Fig. 1, deca- 
peptide I) (2), possessed all the amino 
acids of the naturally occurring anti- 
biotic in their proper sequence but 
lacked the cyclic structure. It was 
found to be approximately 1/10 as 
active as gramicidin S against Escheri- 
chia coli and 1/40 as active against 
Staphylococcus aureus. 

The synthesis of two additional deca- 
peptide analogs has recently been com- 
pleted (3). Their structures and that of 
gramicidin S and decapeptide I are 
shown in Fig. 1. In one of them (deca- 
peptide II), p-tyrosine residues replace 
the D-phenylalanine residues of the nat- 
ural product. In the other (decapep- 
tide III), L-lysine residues replace L- 





ornithine residues. All the synthetic 
analogs are acyclic. 

The antibacterial activities of grami- 
cidin S and the synthetic analogs against 
a strain of E. coli B are shown in the 
first four rows of Table 1. The condi- 
tions of the assay are described in the 
legend. Neither decapeptide II nor 
decapeptide III is as active as decapep- 
tide I, which, in the earlier experiments 
(1), was shown to be about 1/10 as 
active as gramicidin S. Apparently both 
the L-ornithine and p-phenylalanine 
residues contribute to the activity of 
acyclic decapeptide I. This finding 
would appear to conflict with that of 
Schwyzer and Sieber (4), who reported 
that the cyclic lysine analog of gramici- 
din S (that is, the cyclic analog of 
decapeptide III) was as active as grami- 
cidin S. We now have evidence, how- 
ever, that the mode of action of the 
acyclic analogs differs from that of 
gramicidin S, a possibility which was 
mentioned but not considered seriously 
in our earlier paper (/). 

First of all, it was observed that 
decapeptide I and gramicidin S dif- 
fer in the manner in which they in- 
hibit E. coli B. Gramicidin S, at all 
effective concentrations, produces im- 
mediate bacteriostasis; decapeptide I, 
on the other hand, at concentrations 
between 12 and 25 ug/ml, inhibits 
growth only after the organism has 
undergone several cell divisions. 

Second, it was possible to show that 
mixtures of gramicidin S with either 
decapeptide I or decapeptide III ex- 
hibit a synergistic effect which is lack- 
ing when the two decapeptides are com- 
bined. The experimental data are shown 
in the last three rows of Table 1. 

We may infer, therefore, that the 
mode of action of gramicidin S differs 
from that of either decapeptide and that 
presumably it is dependent upon the 
unique cyclic structure of the antibiotic. 

The original purpose of this program 
(5) was to determine the influence of 
the cyclic structure of gramicidin S 
upon its activity. The finding that deca- 


Table 1. Minimal concentration of peptides 
required to inhibit E. coli B (24 hours at 
37°C). Medium: 1 liter contains 7 gm of 
K,HPO,, 3 gm of KH,PO,, 0.5 gm of sodium 
citrate, 0.1 gm of MgSO,-7 H,O, 1 gm of 
(NH,).SO,, and 2 gm of glucose (pH ad- 
justed to 7.0). Inoculum: 300,000 organisms 
per milliliter (stationary phase). 





Compound Concn. (ug/ml) 





Gramicidin S 1.85 
Decapeptide I 15 
Decapeptide II 107 
Decapeptide III 66.7 
Gramicidin S + I 0.5 + 38 
Gramicidin S + III 0.5 + 12.8 
I + Ill (7.6 + 33)* 





* Only slight inhibition occurred with this com- 
bination, as determined by nephelometric meas- 
urements during the first 10 hours of the run. 
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Gramicidin S 





t 1 
Val-Orn-Leu-Phe-Pro-Val-Orn-Leu-Phe-Pro 
(L-L-L-D-L): 

Decapeptide I 
H-Val-Orn-Leu-Phe-Pro-Val-Orn-Leu- 
Phe-Pro*OH 
(L-L-L-D-L). 

Decapeptide II 
H°Val-Orn-Leu-Tyr-Pro-Val-Orn-Leu- 
Tyr-Pro-OH 
(L-L-L-D-L): 

Decapeptide III 
H-°Val-Lys-Leu-Phe-Pro-Val-Lys-Leu- 
Phe-Pro*OH 
(L-L-L-D-L)» 


Fig. 1. Formulas for gramicidin S and 
synthetic decapeptide analogs. 


peptide I possessed antibacterial activity 
had led to the conclusion that the cyclic 
structure was not essential, although it 
served to enhance the antibacterial 
properties of the antibiotic (7). It has 
now been shown that, despite marked 
similarities in the chemical structure 
of these compounds, the mode of action 
of the acyclic peptides is different from 
that of the naturally occurring anti- 
biotic, and hence the earlier conclusion 
was not valid. Another example of an 
instance where similarity in chemical 
structure was not paralleled in biologi- 
cal function is described by Sorm and 
his colleagues (6), who reported that 
D- and L-cycloserine do not have the 
same mode of action and that, indeed, 
the racemic mixture was more active 
than either isomer. 

The experimental approach employed 
in this study—namely, the synthesis 
and bioassay of analog of naturally oc- 
curring substances for the purpose of 
elucidating the relationship of struc- 
ture to biological activity—requires 
that the analogs and the naturally oc- 
curring substance have the same mode 
of action. Where this is not definitely 
established, the experimental data, as 
we have found, can lead to erroneous 
conclusions. The interesting study of 
Katchalski et al. (7) of the antibac- 
terial activities of polyamino acids con- 
taining leucine, valine, ornithine, and 
D- and L-phenylalanine may be another 
case in point. These authors found that 
a number of the polymers exhibited 
considerable antibacterial activity, and 
on the basis of their results they drew 
inferences about the relationship of 
structure to the activity of gramicidin 
S. That gramicidin S and the polymers 
have the same mode of action certainly 
Is Open to question. 

The foregoing comments apply, as 
well, to any study which attempts to 
use synthetic analogs as a means of 
analyzing structure-activity _relation- 
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ships in biologically active materials 
and are, perhaps, especially pertinent 
when the activities of the analogs are 
found to be of a low order. 

The manner in which decapeptide I 
acts upon Escherichia coli deserves 
some comment. It was reported by 
Rose and Fox (8) that, in the presence 
of sulfonamides, E. coli are able to 
undergo a number of cell divisions be- 
fore growth is inhibited. They sug- 
gested that the sulfonamide prevented 
the synthesis of a growth factor (now 
known to be folic acid). The organism 
was therefore forced to distribute its 
original supply to its progeny, and, 
after a certain number of divisions, the 
quantity of the growth factor became 
insufficient to permit further multipli- 
cation. An extrapolation of this ex- 
planation to our system would lead to 
the inference that E. coli requires an 
essential substance (cofactor ?) whose 
synthesis or activity can be inhibited 
by decapeptide I, perhaps competitive- 
ly. 

BERNARD F, ERLANGER 
LouIsE GooDE 
Department of Microbiology, College of 
Physicians and Surgeons, Columbia 
University, New York, New York 
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Function of the Rectal Gland 
in the Spiny Dogfish 


Abstract. The rectal gland of the spiny 
dogfish, Squalus acanthias, secretes a fluid 
which is essentially a sodium chloride 
solution with a concentration about twice 
that of the plasma and greater than that 
of sea water. Observed volumes of flow 
are sufficiently large to make it clear that 
the rectal gland can remove from the 
blood relatively large amounts of sodium 
chloride, and presumably this is its func- 
tion. 


The conspicuous rectal or digitiform 
gland (appendix digitiformis, processus 
digitiformis), lying in the dorsal mesen- 
tery and opening by a duct into the 
intestine behind the spiral valve, has 


been observed by thousands of students 
in the dissection of various laboratory 
elasmobranch fishes. While anatomical 
descriptions are available (7), and some 
chemical tests have been applied (/, 2), 
the function of the gland is obscure (3). 

The secretion of the gland and data 
on the rate of flow were secured as 
follows. The body wall and intestine 
immediately anterior to the pelvic girdle 
were opened in the ventral mid-line. 
The tip of several hundred centimeters 
of polyethylene catheter tubing was bent 
to fit the angle at which the duct enters 
the intestine and was pushed through 
the anus into the intestine. The tip was 
inserted into the duct and secured by 
two ligatures with additional stitches 
holding the tubing to the intestinal wall 
and the ventral tail skin behind the 
anus. It was determined by the injection 
of colored fluid that this was a leak- 
proof arrangement. The intestine and 
body wall were sutured, and the fish 
was placed unrestrained in a tank of 
running sea water. The free end of the 
tubing was secured to a graduated tube 
placed below the level of the tank. The 
tubing between its ends was free to 
move with the fish. This arrangement 
necessitated that the gland develop and 
maintain a secretion pressure of about 
31 cm-H.O in order to collect progres- 
sively the secreted fluid. In retrospect, 
we see that an arrangement which does 
not require the maintenance of this 
hydrostatic pressure could have been 
devised. 

The chemical composition (4, 5) of 
the collected fluid is given in Table 1. 
The fluid is colorless, nearly neutral, 
containing relatively small amounts of 
urea, Magnesium, calcium, potassium, 
bicarbonate, and sulfate (5), but con- 
taining sodium chloride at about twice 
the plasma concentration and at a con- 
centration higher than that of the ex- 
ternal sea water. The data on osmolar- 
ity indicate that probably no other 
substance was present in high concen- 
tration. The fluid is. watery and cer- 
tainly contains little mucus, as has been 
suggested (6). 

The above chemical data point to the 
possibility that the rectal gland is an- 
other “salt gland” concerned with the 
removal of sodium chloride from the 
blood. For this to be true, a volume 
of fluid must be formed sufficient to 
have more than a negligible effect on 
plasma salt. 

Some flow from the rectal gland was 
secured from each of nine dogfish 
tested. The flow in two fish was dra- 
matic. Fish 3 gave a continuous flow 
of 0.85 ml/kg per hour for a first 24- 
hour period and 0.72 ml/kg per hour 
for a succeeding 24-hour period. Urine 
flow for these 48 hours averaged 0.82 
ml/kg hr. Fish 8 gave a flow of 1.3 
ml/kg hr for a 12-hour period with a 
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single hour flow of 1.9. The urine flow 
for this 12-hour period averaged 0.81 
ml/kg hr. 

Flows in other fish were lower and 
more spasmodic. Fish 1 averaged 0.051 
ml/kg hr for a 24-hour period, but the 
flow rose to 0.54 during a subsequent 
90-minute period. Fish 2 averaged 
0.32 ml/kg hr.for a 5-hour period, and 
fish 9 averaged 0.22 ml/kg hr for a 
12-hour period. Fishes 4 and 5 aver- 
aged 0.012 ml/kg hr for 5 and 24 
hours, respectively. Fishes 2, 4, and 5 
had periods of an hour to hours when 
no flow was observed. In short, the 
observed flows ranged from 0 to 1.9 
ml/kg hr. The over-all tendency was 
toward a continuous, variable flow 
rather than an alternation of no flow 
with bursts of high flow. 

The above rates of flow should be 
regarded as preliminary parameters. 
While in fish 3 flow began immediately 
after catheterization, there was in other 
fish a delay up to 3 hours. In two fish 
not included in Table 1, fluid appeared 
in the catheter but stopped when it had 
to climb uphill. In one fish, flow 
stopped when a blood sample was with- 
drawn. Since these fish were caught by 
hook -and line, which results in blood 
loss from insignificant to severe, it is 


not clear whether or not the low flows: 


and the low secretion pressures observed 
were a natural state of affairs or were 
the result of capture and the experi- 
mental conditions. The data do show 
unmistakably that the rectal gland can 
sustain a high rate of flow for days 
with a sodium chloride concentration 
sufficient to remove relatively large 
amounts of sodium chloride from the 
blood. 

The data secured are too meager for 
assessing the total water-electrolyte 
economy of the dogfish. The data in 
Table 1 agree with those of Smith (7) 
that the blood is hypertonic to sea 
water and the urine hypotonic. Our 
observations over many years agree with 
Smith’s that the dogfish is not a con- 
tinuous drinker of sea water as are 
marine teleosts. Laboratory fish may 
be engorged with sea water and survive, 
so that, as Smith suggests, there must 
be a mechanism for handling ingested 
sea water. Smith has postulated a nor- 
mal osmotic uptake of water in the 
absence of ingested sea water. The 
problem remains as to how much water 
and how much salt in what concentra- 
tions are taken up by the dogfish. The 
net water loss can not be less than the 
combined rectal gland-urine loss, al- 
though our observations do not con- 
clusively prove that all the rectal gland 
secretion is lost from the anus. It 
would seem, however, to be ridiculous 
for a gland to concentrate sodium chlo- 
tide only to reabsorb it back into the 
blood in an immediately adjacent 
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Table 1. Comparison of the composition of fluid from the rectal gland, plasma, and urine. 





Fish Wt. 








: Concn. (mmole /liter 
_ Fluid pH Osmolarity ( / ) 
(No.) (kg) (mosmole) 
Na K Cl Ca Mg Urea CO, 
1 4.3 Rectal gland 7.0 1011 522 5.6 510 >1 
Plasma 7.55 1011 
a 3.3 Rectal gland 6.8 1018 535 6.8 549 } oe 20 
Plasma 1018 320 7.0 250 349 
3 4.7 Rectal gland 6.8 1036 580 8.4 562 2. - 11 2.8 
Plasma 1036 300 4.4 247 347 
Urine * 754 352 2 170 
4 5.0 Rectal gland 6.9 1020 542 552 14 
Plasma 1020 
5 4.8 Rectal gland 1001 502 490 28 
Plasma 1001 254 252 356 
Urine 806 339 286 10 50 
8 6.4 Rectal gland 6.7 1020 560 7.5 549 >i eg 13 
Plasma 1020 283 242 246: 3) 
Urine 780 327 174 + 25 
9 Sk Rectal gland 521 >i op 
Plasma 239 
Urine 182 
Average of Rectal gland 1018 540 7.1 533 ~l >? Fees 
Plasma 1018 286 246 351 
Urine 780 337 203 
Sea water 925-935 440 9.1 492-500 10 51 








*W. Smith has shown that the pH of dogfish urine is constant at 5.75 (8). 


region. Similarly, the minimum net loss 
of electrolyte is the combined rectal 
gland-urine loss. 

In fish 8, which had an active rectal 
gland and a good urine flow, the com- 
bined loss of sodium was about 460 
mmole/liter of a composite fluid com- 
posed of rectal gland fluid and urine, 
corrected for the rate of flow for each. 
The loss of chloride was about 405 
mmole/liter. The actual volume output 
of urine and rectal gland fluid was 
about 169 ml for a 12-hour period. 
This loss of sodium and chloride is 
roughly equal to the sodium and chlo- 
ride of sea water, considering the 
sodium and chloride obligated to each 
other only. The sodium loss here is 
too high and the chloride a bit too low. 
What seems important from these data 
is that through the combined action of 
the rectal gland and the kidneys, the 
dogfish can eliminate sodium chloride 
at roughly corrected sea water concen- 
trations. This cannot be done by the 
kidneys alone, where the sodium and 
chloride loss does not approximate 
corrected values for sea water. Indeed, 
the urinary loss of chloride is usually 
below the plasma values. Thus, while 
it is clear that the rectal gland can 
easily make up for the renal deficiencies 
in chloride loss vis a vis plasma concen- 
trations, the rectal gland and kidneys 
seem to be able roughly to handle an 
inflow of sea water whether through 
the gut or gills, or other source. It 
may thus turn out that the gills are not 
a source of in-out sodium chloride net 
flux. 


Fish in the above series produced 
urine but had low flows from the rectal 
gland. What imbalance here results 
awaits further study. The above 
comments on total water-electrolyte 
balance should not obscure the basic 
observation of this study, that the rectal 
gland secretes sodium chloride at about 
twice the concentration found in the 
plasma and in sufficient volume to re- 
move significant amounts from the 
plasma. 

J. WENDELL BURGER 
Trinity College, Hartford, Connecticut, 
and Mount Desert Island Biological 
Laboratory, Salisbury Cove, Maine 

WALTER N. HEss 

Hamilton College, Clinton, New York, 
and Mount Desert Island 
Biological Laboratory 
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Activation and Inhibition 
of Indoleacetic Acid 
Oxidase Activity from Peas 


Abstract. The inhibition of indoleacetic 
acid oxidase activity by chlorogenic acid is 
markedly variable. Aqueous extracts of 
acetone precipitates from etiolated pea 
epicotyls contain heat-stable substances 
which decrease the inhibition produced by 
chlorogenic acid and also have a small 
activating effect. Low concentrations of p- 
coumaric acid (1 u«m/ml) can stimulate this 
action. The possible role of activators and 
inhibitors in the in vivo regulation of 
indoleacetic acid oxidase activity is dis- 
cussed. 


It has recently been shown that caf- 
feic acid and chlorogenic acid are potent 
inhibitors of crude indoleacetic acid 
oxidase from peas (/) and pineapple (2). 
Rabin and Klein (/) reported that the 
enzyme obtained from etiolated pea 
epicotyls by precipitation with 40 per- 
cent acetone and extraction into pH 5.6 
buffer is inhibited 50 percent by 0.8 
ug of chlorogenic acid per milliliter. We 
have found that with these extracts the 
relation between enzymatic activity and 
inhibition is markedly variable. 

Using the same assay conditions as 
Rabin and Klein (1), we prepared ex- 
tracts which varied in their sensitivity to 


Table 1. Effect of boiled pea extracts on 
chlorogenic acid inhibition of indoleacetic 
acid (IAA) oxidase. The enzyme was prepared 
according to the method of Rabin and Klein 
(1), with the following additions: After ex- 
traction of the 40 percent acetone precipitate 
with the phosphocitrate buffer using 25 ml/ 
100 gm of frozen epicotyls, the remaining 
precipitate was extracted with an additional 
amount of buffer, 25 ml/100 gm of epicotyls. 
The latter is designated enzyme fraction 2, the 
former enzyme fraction 1. The digest was also 
prepared according the method of Rabin and 
Klein (7), and the reaction was run for 20 
minutes at 30°C. After addition of the per- 
chloric acid-ferric chloride reagent, the mix- 
ture was filtered to remove precipitated protein. 
The initial concentration of indoleacetic acid 
was 20 ug/ml. 





Chlorogenic Destruction 








acid added of IAA oe 
(ug/ml) (ug/ml) ‘ 
Enzyme fraction 1 
0 3.0 
1.0 13 57 
Enzyme fraction 2 
0 13.4 
1.0 2.1 84 
Fraction 2 + boiled 1 (ratio 1:1) 
0 8.9 
1.0 5.4 39 
Fraction 2 + buffer (ratio 1:1) 
0 ed 
1.0 1.3 83 
672 


chlorogenic acid from complete inhibi- 
tion by as little as 0.5 «g/ml to no in- 
hibition at all by 1.5 ug/ml. Generally, 
it was found that re-extractions of the 
40 percent acetone precipitate with pH 
5.6 buffer yielded preparations which 
were more strongly inhibited by chloro- 
genic acid. It therefore appeared likely 
that the initial extracts contained a sub- 
stance which counteracted the inhibitory 
effects of chlorogenic acid. 

Evidence for this was obtained by 
adding boiled extracts with low sensi- 
tivity to chlorogenic acid to enzyme 
which showed strong chlorogenic acid 
inhibition. As shown in Table 1, the 
boiled extract contains material which 
decreases the inhibitory effect of chloro- 
genic acid. This observation seemed 
related to the findings of Gortner and 
Kent (2), who showed that pineapple 
indoleacetic acid oxidase is strongly 
activated by p-coumaric acid and that 
ferulic acid is a competitive inhibitor 
for this activator. We therefore tested 
the effect of p-coumaric acid on the in- 
doleacetic acid oxidase from peas. As 
shown in Table 2, p-coumaric acid not 
only activated this system but also de- 
creased the effectiveness of chlorogenic 
acid as an inhibitor. The variability of 
these extracts from peas in their chloro- 
genic acid inhibition can thus be ex- 
plained in terms of an activator which 
is more rapidly extracted by the buffer 
than the enzyme. Those extracts that 
contain relatively high concentrations 
of activator will be less sensitive to 
chlorogenic acid. Although the pH 
optimum of the preparation from pine- 
apple is much lower than that from 
peas, our results point to similarities be- 
tween the two preparations. 

The activation effects of p-coumaric 
acid are dependent on concentration. 
With an enzyme preparation that caused 
14 percent destruction of indoleacetic 
acid in 20 minutes at 30°C, the addition 
of 1,5, 50, and 200 ug of p-coumaric 
acid per milliliter gave 53, 61, 34, and 
19 percent destruction, respectively. 
Since dihydro-p-coumaric acid and 
dihydrochlorogenic acid are as effective 
as the respective parent compounds, the 
conjugated double bond is not required 
for activity. Isochlorogenic acid (3), 
neochlorogenic acid (4), and a caffeyl 
ester designated “Band 510” (5) are as 
inhibitory as chlorogenic acid, while 
caffeic acid is somewhat more effective. 

The demonstration by Briggs, Steeves, 
Sussex, and Whetmore (6) that in- 
doleacetic acid can be _ transported 
through intact plants which after ma- 
ceration show indoleacetic acid oxidase 
activity led these authors to suggest that 


Table 2. Effect of p-coumaric acid on the 
activity and chlorogenic acid inhibition of 
indoleacetic acid (IAA) oxidase. The prep. 
aration of enzyme and digestion were the 
same as described in Table 1. 





Destruction 





p-Coumaric Chlorogenic of IAA 
acid added acid added after 20 
(ug/ml) (ug/ml) min at 30°C 

(%) 

0 0 37 

1 0 73 

0 1 0 

1 1 65 

1 2 0 





oxidase activity may not have any phys- 
iological significance. This conclusion 
is strengthened by several reports (7) 
that there is no apparent cause and ef- 
fect relation between the indoleacetic 
acid oxidase activity of extracts and the 
concentration of indoleacetic acid in the 
intact plant. It seems to us, however, 
that these data do not exclude the 
alternative hypothesis, namely, that in- 
doleacetic acid oxidase does have a 
physiological role. One can postulate 
that in the intact tissue the activity of 
this enzyme is regulated by the concen- 
tration of activator and inhibitor, similar 
to what we and Gortner and Kent (2) 
have demonstrated in in vitro experi- 
ments. In this connection, it is possibly 
significant that the presence of an un- 
identified activator from etiolated peas 
(8) and an inhibitor from peas grown in 
red light (9) has been reported. We 
would like to suggest, therefore, that the 
physiological role of the indoleacetic 
acid oxidase system be still considered 
an open question (/0). 

ERNEST SONDHEIMER 

Davip H. GRIFFIN 

Chemistry Department, State University 
College of Forestry, Syracuse, 
New York 
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Unit resolution, 200 to 250,000 X mag- 
nification range, selected area diffraction, 
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Letters 


(Continued from page 630) 


gentina’s wholehearted support. Thus, 
it cannot be denied that this country 
has really made, for over 50 years, a 
sincere effort in connection with Ant- 
arctica. On several occasions, too, for- 
eign investigators, including Americans, 
have been welcome to use the facilities 
furnished by the Instituto Antartico and 
the Argentine Navy. I am sure that 
those who have done so will endorse 
my statement. 

It is quite obvious, on the other 
hand, that Argentina’s resources and 
potentialities, as well as its scientific 
manpower, do not allow a comparison 
of results, on equal terms, with those 
obtained by the United States or, for 
that matter, with those of any of the 
major powers. But when ratios are 
compared, the achievements, I am 
proud to say, are quite outstanding, as 
has been stated on more than one oc- 
casion by American and other scien- 
tists. 


Current projects in meteorology, 
glaciology, geology and mineralogy, 
oceanography, and some aspects of 


biology are now under way. The min- 
eral, botanical, and zoological collec- 
tions from the Argentine sector of Ant- 
arctica are among the most numerous 
and at present are being studied sys- 
tematically by both Argentine and for- 
eign specialists. 

It is certainly not the intention of 
the government or of the entities con- 
cerned to diminish in any way the ef- 
forts that I have mentioned. 

JorRGE E. WRIGHT 
10400 43 Avenue, Beltsville, Maryland 


Formulas in Linguistics 


Several points seem in need of correc- 
tion in the formulas in the otherwise 
excellent first article, “Current trends in 
linguistics,” in Science for 30 October 
(130, 1165 (1959)]. 

Greenberg’s first equation, nt = C” 
(Eq.1) (line 5, col. 1, p. 1169), is con- 
fusing because it equates a number, n, 
of millennia to a power of a constant, 
C", which is less than unity (since C = 
.864). This equates a time period of 
thousands of years to a proportion less 
than one of the original standard set of 
100 words, whereas Greenberg evi- 
dently meant to say that the proportion 
of words surviving after n millennia 
(call it “pn”) would equal the nth power 
of C, where C is the proportion empiri- 
cally observed (C = .864) to survive 
for 1 millennium, on the average. That 
is, 


Pa=C* (1 rev.) 


Another confusion arises in the shift 
of meaning from n to t within the one 
paragraph. At first it is implied (next- 
to-last line, col. 3, p. 1168) that ¢ is 
the millennium unit, while n is stated to 
be the number of such units (lines 3 and 
5, col. 1, p. 1169). Then, in line 27 of 
column 1, page 1169, Greenberg shifts 
to speak of “t millennia,” and his for- 
mula for t (t=logC/2logr) ob- 
viously indicates a variable number of 
millennia and cannot denote the con- 
stant 1000-year unit. 

It would be simpler to omit 7 alto- 
gether and define t as the number of 
millennia or as time in millennium 
units. Then the proportion of 100 words 
surviving ¢ millennia is simply the tth 
power of the survival rate—that is, p: 
= C". Then the joint proportion (r) of 
words surviving in two similar inde- 
pendently changing languages which 
split apart is most probably the product 
of the two equal probabilities, or the 
square of the survival probability, 
namely: 

r=Ct-c*'=c* (2) 
This is the joint probability from two 
identical exponentially decaying curves. 
This is Greenberg’s “proportion of re- 
semblance r.” 

To solve explicitly for the time period 
t elapsed since the two languages were 
one language, take the logarithms: 


log r= 2t log C 
Then, isolating t gives: 
t = log r/2 log C (3) 


But the ratio of logarithms is here in- 
verse to the (incorrect) ratio Green- 
berg gives (7) (in line 29, col. 1, p. 
1169), namely: 


t=logC/2logr (3 misstated) 


Alternatively, one can, of course, 
solve explicitly for the rate of survival 
constant C if one has the proportion of 
the 100 words surviving in both lan- 
guages and an independent historical 
estimate of the time t elapsed since they 
were one language; thus: 


_logr 
log C = — 


C=r'' (4) 


in terms of the survival rate C per mil- 
lennium. This should remove confusion 
in these formulas for scientists not 
familiar with them. 

Stuart C. Dopp 
Washington Public Opinion Laboratory, 
University of Washington, Seattle 


Note 


1. With reference to Greenberg’s reference (7), 
Kroeber’s article appeared in volume 21 (not 
29) of the International Journal of American 
Linguistics, on pages 91-104 (not page 223). 
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Meetings 
Entomology 


The joint meeting of the Entomologi- 
cal Society of America, the Entomolog- 


ical Society of Canada, and the En- 
tomological Society of Ontario, held 
in Detroit, Mich., 30 Nov.—3 Dec. 


1959, proved to be another significant 
event in the long and fruitful relation- 
ship between American and Canadian 
entomologists. There were 984 regis- 
trants at the meeting. Detroit was an 
appropriate meeting place, since the 
first national meeting of entomologists 
in America—the meeting of the En- 
tomological Club of the AAAS—was 
held in Detroit in 1875. It is signifi- 
cant that the Association of Economic 
Entomologists (later the American As- 
sociation of Economic Entomologists) , 
one of the precursor organizations of 
the present Entomological Society of 
America, came into being in Toronto, 
Canada, in 1889. 

The planning of this joint meeting, 
the first for these three societies, was 
an excellent example of international 
cooperation. Two years in advance of 
the Detroit meeting it was agreed that 
there would be complete integration of 
technical programs and social activities; 
the only separate meetings held by the 





societies were for the conduct of busi- 
ness matters. Registration was uniform 
for members of all three societies, and 
was handled at a single registration 
desk. Cochairmen were designated for 
all the committees having responsibility 
for meeting activities, and technical 
programing, local arrangements, ex- 
hibits, and entertainment were handled 
by Canadian-American teams. 

The broad field of biological con- 
trol was chosen by the program com- 
mittee as a topic that was timely and 
appropriate to the current interests of 
North American entomologists. A guest 
speaker, J. J. Weiser, director of the 
laboratory of insect pathology, Institute 
of Biology, Czechoslovak Academy of 
Sciences, discussed insect pathology and 
biological control activities in socialist 
countries. His participation in the pro- 
gram was made possible by a travel 
grant from the Rockefeller Foundation. 
By a happy coincidence the memorial 
lecturer chosen for 1959 was E. A. 
Steinhaus (University of California), 
who is a world authority on insect 
pathology and microbiology. The theme 
of the meeting was further supported 
by two symposia on biological control. 

About 350 technical papers were 
presented during the 4-day meeting. In 
all, there were 15 symposia covering 
such diverse subjects as zoogeography, 
apiculture, teaching, extension work, 


medical and veteri- 


chemical control, 
nary entomology, and insects in rela- 
tion to plant diseases. Members of 4-H 
clubs having entomological projects 
were invited to exhibit their materials 
and give demonstrations. Several of 
these were outstanding and attracted 
much favorable attention. Other pro- 
gram highlights were a report from 
the U.S. Department of Agriculture’s 
entomological delegation to the 
U.S.S.R. and an exhibit of prize-win- 
ning pictures of insects in the photo- 
graphic salon. Both these events at- 
tracted capacity audiences. 

P. W. Oman (Entomology Research 
Division, U.S. Agricultural Research 
Service) was president of the Entomo- 
logical Society of America during 
1959. M. P. Jones (Federal Extension 
Service, U.S. Department of Agricul- 
ture) was installed as president for 
1960 at the Detroit meeting, and H. 
M. Harris (Iowa State University) 
was installed as president-elect. The 
1960 meeting of the . Entomological 
Society of America will be held in At- 
lantic City, N.J., 28 Nov.—-1 Dec. 1960. 

On 15 January, the Entomological 
Society of America moved its national 
headquarters to 4603 Calvert Rd., Col- 
lege Park, Md. 

F. W. Poos 
Entomological Society of America, 
Washington, D.C. 
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Forthcoming Events 


April 


1-3. American Soc. of Internal Medi- 
cine, San Francisco, Calif. (R. L. Richards, 
350 Post St., San Francisco 8.) 

1-3. American Soc. for the Study of 
Sterility, Cincinnati, Ohio (H. H. Thomas, 
920 S. 19 St., Birmingham 5, Ala.) 

1-4. Bahamas Medical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Lauder- 
dale, Fla.) 

2. Paleontological Research Institution, 
Ithaca, N.Y. (Miss R. S. Harris, 
Kelvin Pl., Ithaca.) 





126 | 


2-6. American College of Obstetrics | 


and Gynecologists, Cincinnati, Ohio. (D. F. 
Richardson, 79 W. Monroe St., Chicago 3.) 

3-6. American Surgical Assoc., White 
Sulphur Springs, W.Va. (W. A. Altemeier, 
Cincinnati General Hospital, Cincinnati, 
Ohio.) 


3-7. International Anesthesia Research | 
Soc., Washington, D.C. (A. W. Friend, | 


E. 107 St. and Park Lane, Cleveland 6, 
Ohio.) 


3-8. Nuclear Cong., New York, N.Y. | 


(P. Lange, Engineers Joint Council, 29 W. 
39 St., New York.) 


4-5. Solar Energy, symp., Gainesville, 


Fla. (J. C. Reed, Mechanical Engineering | 


Dept., Univ. of Florida, Gainesville.) 
4-6. American Inst. of Electrical Engi- 

neers, Houston, Tex. (N. S. Hibsham, 
145 N. High St., Columbus 15, Ohio.) 


4-6. American Inst. of Mining, Metal- | 
lurgical and Petroleum Engineers (43rd° 


Natl. Open Hearth Steel Conf. and Blast | 


Furnace, Coke Oven and Raw Materials 
Conf.), Chicago, Ill. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 

4-6. American Oil Chemists’ Soc., Dal- 
las, Tex. (Mrs. L. R. Hawkins, AOCS, 35 
E. Wacker Drive, Chicago 1, IIl.) 

4-6. Chemical and Petroleum Instru- 
mentation Symp., 3rd _natl., Rochester, 
N.Y. (Director, Technical & Educational 


Services, ISA, 313 Sixth Ave., Pittsburgh 


22, Pa.) 

4-7. Atomic Exposition, 
N.Y. (Atomic Exposition, 
Philadelphia, Pa.) 

4-8. American College of Physicians, 
annual, San Francisco, Calif. (M. Ross, 
American Psychiatric Assoc., 1700 18 St., 
NW, Washington 9.) 

4-8. American Meteorological Soc., 3rd 
applied metecrology conf., Santa Barbara, 
Calif. (H. G. Houghton, AMS, Dept. of 
Meteorology, Massachusetts Inst. of Tech- 
nology, Cambridge 39.) 

4-8. American Soc. of Mechanical Engi- 
neers, New York, N.Y. (D. B. MacDou- 
gall, ASME, 29 W. 39 St., New York.) 

4-9. American College of Physicians, 
San Francisco, Calif. (E. R. Loveland. 
4200 Pine St., Philadelphia 4.) 

5-7. Instrument Soc. of America (Natl. 
Chemical and Petroleum Symp.), Roches- 
ter, N.Y. (H. S. Kindler, ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa.) 

5-7. Naval Structural Mechanics, 2nd 
symp., Providence, R.I. (E. H. Lee, Brown 
Univ., Providence.) 

5-14. American Chemical Soc., natl., 
Cleveland, Ohio. (A. T. Winstead, ACS, 
1155 16 St.. NW, Washington 6.) 


(See issue of 19 February for comprehensive list) 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation, All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ LIGHT SCREEN for actuation of chrono- 
graphs and for the triggering light 
source of shadowgraph systems in bal- 
listic studies has a field plane size 6 by 
6 in. In operation a light beam is re- 
flected back and forth between two 
6-in.-long parallel mirrors spaced 6 in. 
apart. Interruption of any portion of the 
field by a projectile 1 mm in diameter 
or larger produces a change in current 
in a multiplier phototube detector. With 
a potential of 625 volts applied to the 
detector, a 1-in. diameter projectile 
produces an output signal of 1 volt 
across a 1000-ohm load resistor. (Avco 
Corporation, Dept. Sci333, 201 Lowell 
St., Wilmington, Mass.) 


™ SORPTION METER for measurement of 
surface area of materials and for study 
of adsorption phenomena operates by 
passing a known helium-nitrogen mix- 
ture through the sample cooled by liquid 
nitrogen and observing the change in 
composition. The change in the mix- 


ture’s nitrogen concentration is meas- 
ured by a thermal-conductivity detector 
and inscribed as a peak on a potentiom- 
eter-recorder chart. A second peak is 
recorded by warming the sample and 
measuring the nitrogen released. The 
peaks are proportional to nitrogen 
adsorbed and desorbed. A one-point 
comparison with a standard can be ac- 
complished in 10 minutes. (Perkin- 
Elmer Corp., Dept. Sci389, Norwalk, 
Conn.) 


™ SOLAR FURNACE is available for mobile 
or stationary mounting and is furnished 
either assembled or in kit form. Di- 
ameter of the furnace is 6 in., and tem- 
peratures up to 6741°F are said to be 
obtainable with heat flux densities up to 
365 cal/cm* sec. (Waltham Precision 
Instrument Co., Dept. Sci381, 221 
Crescent St., Waltham 54, Mass.) 


™ PHOTOELECTRIC MODULATORS are 
nonmechanical, solid-state devices with 
chopping frequency variable from d-c 
to 400 cy/sec. Switch action may be 
single pole, single throw, or double pole, 
single throw. Sensitivity is said to be 
1 wv, dynamic range 60 db. Operating 
temperature range is —20° to +100°C. 
Life is said to exceed 5000 hr. (Cam- 
bridge Electronics Corp., Dept. Sci369, 
Box 301, Marshfield Hills, Mass.) 


™ PULSE PATTERN GENERATOR is a fully 
transistorized instrument that provides 
a pattern of any length from 1 to 100 
pulses with pulse rate continuously 
variable from 10 to 15,000 per second 
when an internal oscillator is used, and 
from 0 to 100,000 per second when 
driven externally. Each pulse position 
provides a mark or space condition as 
selected by 100 individual switches, 
Output level for the mark is variable 
from zero to +10 volts, and the level 
for the space is variable from zero to 
—10 volts. Rise and fall times are each 
1 psec. (Data Products Co., Dept. Sci- 
395, 7320 Westmore Rd., Rockville, 
Md.) 


™ TORQUEMETER is available with 
ranges from 0.1 oz in. to 500 oz in. 
Accuracy is said to be +2 percent of 
full scale. Measurements are independ- 
ent of shaft speed between 50 and 24,- 
000 rev/min, and of direction of shaft 
rotation. Up to five pickups may be 
used with a single indicator. (Metron 
Instrument Co., Dept. Sci397, 432 Lin- 
coln St., Denver 3, Colo.) 


™ pH ELECTRODE ADAPTER for use with 
the manufacturer’s vibrating-reed elec- 
trometer is said to permit measurement 
of changes of pH as small as 0.0005 
units. The adapter provides for connec- 





BLOOD 
and 
OTHER 
ELECTRODES 


The pH value of blood varies only within a 
narrow range. Thus, the measurement of blood pH 
is unusually demanding and must be performed 
with high accuracy. For this work the Metrohm 
blood measuring chains offer some distinct 
advantages, including: liquid jacketed construction 
which permits the electrode to be connected to 

a circulating thermostat so that the measurement 
can be made almost instant ly — separat 
indicating and reference electrodes to eliminate 
the possibility of disturbing potentials at the 
diaphragm — anaerobic measurements in minute 
quantities—plus, a handy and sturdy construction. 




























A complete line of regular and unbreakable 
glass electrodes as well as reference and 
metal electrodes is also available. 


SEND FOR COMPLETE DESCRIPTIVE CATALOG P25 
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A PACKAGE UNIT 70R 
TISSUE CULTURE TUBE STUDIES! 





1. Self-locking rack 

2. PRECUT cover slides 
3. Short type tube 

4. Screw cap tube 


WRITE FOR COMPLETE DETAILS 


@ BELLCO GLASS INC. 


DEPT. 55 —~ VINELAND, NEW JERSEY 


5. Rubber stoppered tube 
6. Rubber stopper 
7. Silicone rubber stopper 
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tion of three sets of glass and calomel 
electrodes with switch selection of any 
set. A fourth switch allows electrometer 
zeroing. Guard positions between each 
switch position isolate electrode connec- 
tions. (Applied Physics Corp., Dept. 
Sci385, 2724 South Peck Rd., Monro- 
via, Calif.) 


™ PULSE GENERATOR featuring a pulse 
rise time of less than 2.5 mysec has two 
independent outputs. Pulse widths from 
2.5 to 25 mysec and repetition rates 
from 10 cy to 10 Mcy/sec may be 
controlled externally. A fast flexible 
gating input is available for complex 
pulse-time and pulse-amplitude selec- 
tion. A positive 15-volt trigger output 
may be used to initiate timing cycles or 
to trigger an oscilloscope. (E-H Re- 
search Laboratories, Dept. Sci401, 1922 
Park Blvd., Oakland 6, Calif.) 


™ RESISTORS are said to maintain ac- 
curacy of +0.1 percent at temperatures 
from —65° to +185°C. Twenty-three 
models range from printed-circuit types 
of 0.10-watt rating and 35 kohm maxi- 
mum resistance, to axial-lead types of 
2-watt rating and 3.5 Mohm resistance 
and lug types of 2.25-watt rating and 7 
Mohm resistance. (Hamby Corp., Dept. 
Sci402, 7241 Eton Ave., Canoga Park, 
Calif.) 


™ MERCURY-ARC LAMP is a high-pres- 
sure mercury-arc point source for oper- 
ation on d-c. The lamp is rated at 100- 
watt input power. Spot size is 0.012 by 
0.012 in. Luminous flux output is 2200 
lu and average brightness is 140,000 
ca/cm*’. A power supply is available, 
or standard wet-cell batteries may be 
used. (PEK Labs, Inc., Dept. Sci399, 
4024 Transport St., Palo Alto, Calif.) 


™ DIGITAL COMPUTER for educational 
use is a stored-program, single-address 
machine. Logical interconnections be- 
tween plug-in modules are effected with 
removable plugboard patch panel. AI- 
ternative patch panels convert the ma- 
chine from a general-purpose computer 
into a digital differential analyzer with 
20 integrators. The machine’s memory 
uses four magnetostrictive delay lines 
providing a total of 128 words with 
average access time 192 psec. Word size 
is 12 bits plus sign. Input is manual with 
octal keyboard, and output is provided 
by indicator lights, oscilloscope display, 
or both. Other input and output devices 
are optional. (Computer Control Co., 
Dept. Sci379, 2251 Barry Ave., Los An- 
geles 64, Calif.) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 








PERSONNEL PLACEMENT 














CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
rovided that satisfactory credit is estab- 


ished. 
Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 














iii! POSITIONS WANTED iil 


Woman Biologist, Ph.D., 38, desires college 
teaching position in a senior college beginning 
June or September. Broad background in the 
biological sciences with botany major and zool- 
ogy and biochemistry minors; 8 years of full-time 
college teaching experience. Box 47, SCIENCE. 

3/25; 4/15 








Honorable Mention Westinghouse, 1959. Com- 
pleted 1 year engineering, 2 years of college 
mathematics. Experience: Summer 1959, student 
trainee, David Taylor Model Basin, Washington, 
D.C. Can type. Available June-September. Will 
travel. Health excellent (6’2”). Box 48, cm 





Plant Biologist, Ph.D., desires full-time research, 
or nearly so: botany and physiology economic 
and noxious plants; growth hormones; 


ethno- 
botany. Box 50, SCIENCE. x 





Psychosomatics. Productive physiologist, extensive 
experience: renal, cardiovascular, conditioned 
teflex techniques, seeks opportunity to develop 
laboratory for interdisciplinary investigation of 


Psychovisceral-behavioral interactions. Efficient 
Organizer, excellent teacher, linguist, expert in 
scientific Russian. Box 51, SCIENCE. x 





Virologist, Ph.D., desires responsible academic or 
industrial research position, preferably West 
Coast. Experienced tissue culture, human and 
animal virus vaccine development, public health. 
Box 37, SCIENCE. 3/4 





4 MARCH 1960 














Ini! POSITIONS WANTED iil | {Mill POSTTIONS OPEN (iil 





(a) Young Physiologist, Ph.D. in June 1960, 
with Army electronics training; desires basic 
research position. (b) Bacteriologist Ph.D., bio- 
chemistry minor; public health and _ university 
teaching experience, virology research; prefers 
academic or research appointment. (c) Phar- 
macology Ph.D., physiology minor; military re- 
search in environment physiology, stress, optics, 
radiation effects, biomathematics; available for 
research or administrative appointment. S3-1 
Medical Bureau, Inc., Science Division, Burneice 
Larson, President, 900 North Michigan Avenue, 
Chicago. x 


Iii POSTTIONS OPEN iil 


Assistant Bibliographer, for science information 
publication. Master’s degree in one of the biolog- 
ical sciences or its equivalent required, plus 
competency in one or more languages. Located on 
East Coast. Please send complete résumé of edu- 
cation, experience, and salary required to Box 49, 
SCIENCE. x 











Bacteriologist. $7938-$9138 annually. Position 
open in clinical bacteriology at large suburban 
Detroit hospital near University of Michigan and 
Wayne State University. Well-equipped labora- 
tory available for research, liberal annual and 
sick leave, retirement plan plus social security. 
Ph.D. required. Contact Dr. S. E. Gould, Direc- 
tor of Pathology, Wayne County General Hos- 
pital, Eloise, Michigan. 3/11; 3/18 





Bacteriology-Immunology. Technologists with B.S., 

S., or equivalent experience wanted for re- 
search. Participation in teaching program also 
involved. Permanence, advancement assured. 
Salaries open. Dr. T. Rosebdury, Dept. of Bac- 
teriology, Washington University School of Den- 
tistry, St. Louis, Missouri. xX 






















Enzyme Chemist 


To: originate and supervise research 
and development work directed to- 
wards therapeutic enzymes. Back- 
ground in biochemistry and micro- 
biology as well as several years of 
industrial experience required. 


Please send résumé 
salary. 


stating present 
Don’t phone—write to 


Dr. Bruno Puetzer 
V.P. & Director of Research 
All replies will be kept confidential. 
SchenLabs Pharmaceuticals, Inc. 
Empire State Bldg., N. Y. 1, N. Y. 















Anatomy Department, Dalhousie University, Hali- 
fax, Nova Scotia. Applications are invited for 
two positions at the rank of Assistant Professor 
in the Department of Anatomy. Experience in 
the teaching of gross anatomy is essential and 
a willingness to undertake some teaching in 
neuroanatomy, histology, or embryology desir- 
able. The successful candidates will be expected 
to participate in the active research program of 
the department, for which good facilities are 
available. Applicants with a medical degree will 
be preferred although those with an honors de- 
gree in medical science or biology will receive 
special consideration. The salary for a medical 
graduate with minimum qualifications will be 
$6500. The salary will depend upon qualifications 
and experience. Applications should be made to 
Professor R. L. deC Saunders at the above 
address. 3/4; 4/1; 5/6; 6/3 





Biochemist, interested in immunology and hyper- 
sensitivity research. Opportunity for independent 
research and possible academic affiliation. Contact 
Dr. L. H. Criep, U.S. Veterans Administration 
Hospital, Pittsburgh 40, Pa. Salary ns 





(a) Chemist, Ph.D. (b) Physics teacher, M.S. Both 
positions offer unusual opportunity in a growing 
college in the Southeast. Salary dependent upon 
training and experience. Send résumé to Box 
42, Collegeboro, Georgia. xX 





RESEARCH ORGANIC CHEMIST, M.S. or 
Ph.D. Pharmaceutical experience in synthetics 
and natural products desired. Eastern United 
States. Write listing education, work experience, 
and salary desired. 

Box No. 52, SCIENCE 





(a) Chief Microbiologist, Ph.D. or M.D., to direct 
active department of large university hospital, 
$9000-$13,000 year with increases; East. (b) 
Anatomy Associate Professor with teaching, re- 
search, and administrative ability, Southwest. (c) 
Fermentation Development Supervisor, capable 
chemist with supervising-administrative experience; 
large pharmaceutical firm, $10,000-$12,000 year; 
East. (d) Biochemist, Ph.D., with hospital teach- 
ing and supervising experience; $9000 year in- 
creasing to $12,000; South. (e) Pharmacologist, 
Ph.D. or M.D., to head cardiovascular research 
division of important pharmaceutical firm, $10,000 
year up; East. (f) Pathologist, Ph.D., M.D., or 
D.V.M. degree, with clinical experience for 
biological research laboratories, $10,000 year up; 
South. (g) Biochemist, Ph.D. or M.S. degree, 
for clinical studies of human brain, midwestern 
hospital. (Please write for details; also many 
other positions available — our nationwide 
service.) $3-1 Medical Bureau, Inc., Science Divi- 
sion, Burneice Larson, President, 900 North Mich- 
igan Avenue, Chicago. x 
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UNNI! POSITIONS OPEN |i 


Medical Technician, male or female, B.S. pre- 
ferred, research laboratory. Paraffin sectioning, 
H and E plus special staining. Some experience 
required. Dr. J. Christensen, St. Barnabas Medi- 
cal Center, High St., Newark, N.J. 3/11, 18 











Microbiology and Plant Biochemistry Graduate 
Assistantships. $2100-$2300 per year, free tuition. 
D. B. Johnstone, Hills Building, University of 
Vermont, Burlington, Vt. 3/4 





Physical Biochemist, prospective or recent Ph.D., 
as collaborator in studies of protein denaturation 
at Massachusetts Institute of Technology. Excel- 
lent salary, appointment renewable for several 
years. Early availability is very desirable. Write 
to Dr. J. Steinhardt, Room 20D-101, Massachu- 
setts Institute of Technology, Cambridge 39. 3/4 





Physiologist (2), Ph.D., to teach cellular or mam- 
malian physiology and elementary physiology or 
zoology. Embryologist, with background in bio- 
chemistry or physiology, also desired. September 
1960. Assistant or associate professor. Apply to 
Chairman, Department of Zoology, Louisiana 
State University, Baton Rouge. x 





Postdoctoral Traineeships in Metabolism and Nu- 
trition. Postdoctoral traineeship in the field of 
metabolism and clinical nutrition are available 
in the Department of Biochemistry and Nutrition, 
University of Pittsburgh. The program is pri- 
marily for physicians who have had a minimum 
of an internship and who are interested in clinical 
investigation. The stipends begin at $5500 per 
annum, and appointments may be made for a 
period of 1 to 3 years beginning 1 July 1960. 
Please apply to Dr. Robert E. Olson. Professor 
and Head, Department of Biochemistry and Nu- 
trition, University of Pittsburgh, sie” re 
a. / 





Research Associate, M.S. or Ph.D. Major in 
chemistry. Warburg orientation desirable. De- 
partmentalized research laboratory in large gen- 
eral hospital. Immediately available. Write Dr. 
Robert C. Grauer, Director, Singer Research 
Laboratory, Allegheny General Hospital, Pitts- 
burgh 12, Pa. 3/4 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 
issue, $1. Yearly (11 issues) membership, $5 
individual; $10 institutional CRUSADE, SCI., 
Box 99, Station G, Brooklyn 22, N.Y. eow 





SENIOR 
ORGANIC 
CHEMIST 


Organic research laboratories of major pharmaceu- 
tical manufacturer located in Philadelphia desires 
experienced Ph.D. organic chemist. Additional 
chemical engineering courses or experience with large 
scale preparations highly desirable. Outline all pre- 
vious training and experience and give salary re- 
quirement. Liberal benefit program. All replies 
handied confidentially. Box 46, SCIENCE. 





(a) Virologist-Tissue Culturist. 
trained, experienced virus isolation, cultivation 
cell cultures for tumor virus research; new 
building, newly organized eastern research group. 
(b) Biochemist. M.S., Ph.D., to head department, 
large Chicago hospital. (c) Pharmacologist. Ph.D. 
to establish evaluation program associated with 
toxicity studies in new drug screening, report to 
director, pharmacologic research; Midwest sub- 
sidiary prominent pharmaceutical company. (d) 
Biochemist. Supervise department in new, su- 
perbly equipped laboratory, 200-bed fully ap- 
proved hospital; Philadelphia suburban area. (e) 
Bacteriologist. Degree, 1 year experience for 
diagnostic microbiology division, state health 
department; southeastern university center. 
(Please_write for an analysis form. Our 64th 
year: Founders of the counselling service to 
the medical profession, serving medicine with 
distinction over half a century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. x 


Requires Ph.D. 





Virologist-Tissue Culturist, Ph.D. Training and/or 
experience in the isolation of viruses as well as 
the cultivation of cell cultures for research on 
problems relating to tumor viruses. Ample salary, 
new building, and newly organized research 
group in East. Box 15, SCIENCE. 3/4 
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Predoctoral and Postdoctoral Fellowship: 
chemistry. Study program leading to the Ph.D. 


degree, also postdoctoral research. Predoctoral 
annual stipends begin at $2800 plus a_ tuition 
exemption and dependency allowance and increases 
to $3200. Postdoctoral fellowships range from 
$4500 upward depending upon experience and 
dependency status. Basic research in intermediary 
carbohydrate, fat, protein and nucleic acid meta- 

lism, oxidative phosphorylatic:, protein syn- 
thesis, enzymology. Excelleniiy eq»ipped labora- 
tories. Write Dr. Harland G. Wood, Chairman, 
Department of Biochemistry, Western Reserve 
University, Cleveland 6, Ohio. 2/26; 3/4, 11 


The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 








DISPLAY: Insertions must be at least 1 
inch in depth. Monthly invoices will be 
sent on a charge account basis—pro- 


vided that satisfactory credit is es- 
tablished. 
Single insertion $40.00 per inch 


4 times in 1 year 38.00 per inch 


7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














Will BOOKS AND MAGAZINES iil 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
fet prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 














MAMMARY TUMORS IN MICE 


AAAS Publication No. 22. By the staff of 
the National Cancer Institute, National In- 
stitutes of Health. F. R. Moulton, Ed. 


7%” X 11%”, cloth, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced price: 
$3.00 prepaid orders by AAAS members, 


$3.50 retail. 
AAAS 
1515 Massachusetts Avenue, NW, 
Washington 5, D.C. 














ili PROFESSIONAL SERVICES ill 












LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWact & HARRISSON 
Div. § 1921 Walnut St., Philadelphia 3, Pa. LO 3-4322 


SIN 870 
CEN ( 









PATHWAY RESEARCH LABORATORIES, Inc. 


Fluorescent Antibody Reagents and Antisera 


Contract Research and Consulting in Microbiology 
and Biochemistry 


Write for our free brochure 


11102 South Artesian Avenue 
Chicago 43, Illinois 





LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 
Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis. 

















{iilll SUPPLIES AND EQUIPMENT |} 








DISSECTION BOARD 
FOR SMALL LABORATORY ANIMALS 


with adjustable holders and retractors 





For Illustrated Literature Write: 


BROOKLINE SURGICAL SPECIALTIES 


50 Harris St., Brookline 46, Mass., U.S.A. 














e HYPOPHYSECTOMIZED RATS 
Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 





CHROMATOGRAPHIC STANDARDS 
Methyl Esters of 


ODD-CARBON FATTY ACIDS (C,-C.,) 


Applied Science Laboratories, Inc. 
Dept. D, 140 N. Barnard St. 
State College, Pa. AD 8-022! 





Rats from the Wistar Strain 


Laboratory Animals 


| 
a 
r 
since 1929 : 
- 
@ 
* 
wa 
| 





ALBINO FARMS, P.O. BOX 331 
RED BANK, NEW JERSEY 


Swiss Mice — Albino Rabbits 











—Guinea Pigs— 













YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue <4 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.¢ MAin 3-5373 ¢ Denver 16, Colo. 



















“From the hand of the veterinarian 


to research”® 


albino rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1093 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 
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Life & Physical Scientists; M.D.’s 


Republic Aviation Accelerates and Expands Its 


Space Environment and Life Sciences Research 
Under Direction of Dr. Norman Lee Barr 


A Number of New Positions for Research Supervisors 
and Participating Scientists Now Available on 
Space/Human Factors Problems 


Dr. Barr is one of the few scientists in the country who has con- 
ducted live experiments under actual space flight and re-entry 
conditions. (Dr. Barr directed the Navy project which launched 
monkeys Able and Baker on their successful 1500 mile trip 
through space at an altitude of 300 miles.) 


As Chief of Republic’s Space Environment and Life Sciences 
Laboratory, Dr. Barr will direct research into all aspects of space 
environments, artificial and natural, and the problems of adapt- 
ing these environments to the support of human life and its func- 
tion. With the opening of Republic’s new $14,000,000 R&D Center 
(scheduled for late spring), current programs will be expanded 


(Captain, USN, ret.) 


Formerly Director of Aviation 
and Space Medicine Research 
for the U.S. Navy, Dr. Barr joined 
Republic as Chief of Space En- 
vironment and Life Sciences 
Research in November 1959. 














and new programs initiated. 











Rendering of the space chamber which will be part of the 
research facilities of the Space Environment and Life Sci- 
ences Laboratory in the new Center. This chamber will. be 
capable of taking a human being 150 miles up into simulated 
ionospheric conditions. In the test shown above, peripheral 
vision and mobility of the space-suited man is measured, as 
he responds to various test sequences set up by engineers at 
outer contro! panel. 














@& FTEPUELasIaG AVIATION 


Farmingdale, Long Island, New York 








Research programs in which M.D.’s (high altitude experience 
preferred) and other scientists may engage include: 


e Studies in low-pressure plant growth for 
lunar base applications 


e Conversion of normally indigestible : plant 
fibers into meat substitutes and sugars 


e Conversion of human wastes into food, 
water, and support for man and new plant 
life in a continuing cycle 


e Control of disease agents in a space 
vehicle 


e Investigations of the physiological and 
psychological reactions of man under 
ionospheric conditions 


Scientists and M.D.’s who share Republic’s conviction 
of the urgent need to develop a self-sufficient, closed, 
environmental system capable of maintaining an 
astronaut in a state of essential physical health and 
efficiency, are invited to write to Dr. Norman Lee Barr. 





Miss Julia E Roth : 


Western College 


NF 
29F33 Oxford Ohio 
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Nestled in with the Nuclear-Chicago instruments in the 
above photograph you will find six bulletins we have 
prepared to help familiarize you with various ways ra- 
dioactivity is being used in research today. These four- 
page bulletins describe, in a concise and stimulating 
way, Common analytical and process applications of 
radioisotopes, procedures that offer great advantages 
over time consuming, expensive and often inaccurate 
non-isotopic analytical methods*. We will be glad to’ nuclear-chicago 
send you all six of these bulletins without obligation. e CORPORATION 
Just write us for Technical Bulletins Nos. 1 through 6. 349 E. HOWARD AVE., DES PLAINES, ILL. 


*The applications described in these bulletins are, No.1: How to Use Radioisotopic Yield Determi- 
nation in Quantitative Analysis. No. 2: How to Use Radioisotopic Analysis for Mixing Evaluation. 
No. 3: How to Use the Radioisotopic Derivative Method in Quantitative Analysis. No. 4: How to Use 
Radioactivity in Paper Chromatography. No. 5: How to Evaluate an Analytical Method with the Aid 
of Radioisotopes. No. 6: How to Make Quantitative Determinations by Radiometric Analysis. 








